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THE PURPOSE AI~ IJETHODS OF THIS STUTIY 
Application of the Unit Method 
The Problem.--The problem of this paper is to apply the basic edu-
cational principles and procedures set forth in Fundrunentals of Second-
ary-school Teaching!/and in the course The Unit Method to a source unit 
on machines. 
This source unit is not. written for any specific class but is 
comprehensive enough so that any teacher in a junior or senior high 
school will find sufficient materials with which to construct a teaching 
unit and at the same time will find hel p on every aspect of unit or-
ganization for the grade level in which he is interested. 
The Committee on Education for Democratic Citizenship of The 
National Association of Secondary-school Principals and The National 
Council for the Social Studies, both departments of the National 
Education Association, for a number of years has been working on a series 
of 11resource 11 units, called Problems i n American Life, f or teacher s in 
secondary schools. One of its 11resource" units, called Man and His 
Machinesi/considers the social implications of machines under the 
l( Roy 0. Billett, Fundamentals of Secondary-school Teaching. 
Houghton Mifflin Company. New York, 19L.o, _61l ~PP• 
5( William F. Ogburn, and Robert B. Weaver, Man and His Machines. 
Problems in American Life, Unit Number 3. Washington, TI. C.: National 
Education Association, 1942, p. 56. 
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caption, How Invention Changes the Moder~ Wor ld. This writer's source 
unit on machines contains a section on social implications, though •tJith 
much less emphasis. 
The Scope.--The title of this unit, Source Unit on Machines, needs 
t o be furt her defined. The four major divisions of this unit include: 
A. The Nature of Machines and Why They Are Used, B. Power for Machines, 
C. Evolution of Machines, and D. Social Implications of Maehines. 
The Nature of Machines and ~~y They Are Used.--This division cov-
ers the principles involved, the make-up, and the us e of the six s.imple 
machine elements--lever, pulley, wheel and axle, inclined plane, wedge 
and screw, as well as how these elements are incorporated into complex 
machinery. In addition, the following topics closely related to ma~ 
chines are included: force, work, power, efficiency, mechanical advant-
age, law of machines, methods of power transfer, and friction. 
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Power for Machines.-In this division are included the inventors 
of, the construction of and the principles of operation of the steam en-
gine, the steam turbine, the gasoline engine, the Diesel engine, and 
the electric motor, all power driving machines, as well as the sources 
of power: coal, petroleum, water power and atomic energy. The distri- · 
bution, resources, and reserves of power sources in the world are also 
consider ed. 
Evolution of Machines.--The concern of this division is with the 
development of the machine from its rude beginnings in the Stone Age up 
through t he New Stone Age, the Bronze Age and the Iron Age. The machine 
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in the craft guilds of the Middle Ages is described, and finally the 
role that the machine has played in the Industrial Revolution up to 
the present day of mass production methods is brought out. 
Social Implications of Machines.--This division deals with the 
effect of machines upon every day living. The country having most 
fully utilized the machine to do its work generally has the highest 
standard of living. Yet the revolutionizing effects of the machine have 
been so great and so rapid that society, being unable to make the ne-
cessary social adjustments in time, has tended to become disrupted. 
Some of the aspects of this section deal with labor and management re-
lations, technical unemployment, the need for workers who are more 
highly trained, the need for workers whc\ can ·iidapt themselves readily 
to change, a~t9matic machinery, and producing more for all at less 
·.;-·· ' . 
cost of time and of money. 
The :Methods. --"The pupil, living in a machine age, needs to 
have information that will make him a good citizen in our complex 
social and economic order that is so seriously challenged by pro-
blems that have arisen due to the machine. He should have some 
conception of changes that may be expected in the future, and he 
should be prepared to do his part in helping the nation retain its 
democratic philosophy even though many changes in the economic and 
social structure may occur in the future. This unit should help 
boys and girls to mruce an intelligent adjustment that will be ne-
cessary following then!/ 'burst of machines• on an already highly 
technological society."-
This important task is the responsibility chiefly of the educator. 
How effectively it is done depends upon the methods of teaching used 
by the instructor. 
y Ibid., p. 39 
In the opinion of the present vvriter the most practical, meaningful 
and interesting way of learning for the pupil devised to date is The 
Unit Method as set forth in ]undamentals of Secondary-School Teaching.~ 
"Far too many teachers still regard secondary education as the acqui-
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sition ~t hardly matters how) of a definite, often traditional body ~ 
logically organized subject matter. ~Y 11 If all the teacher 1 s efforts are 
to work together for the highest good of his pupils, his concept of 
subject matter and of the basic principles which should govern its se-
lection and organization for use in the educative process should be 
harmoniously part and parcel of a larger concept involving human nature, 
democracy, desirable classroom procedures, in a word, each · and every 
aspect of education. 112/ 
In the preparation of this unit the ~~iter has spent more than 
one year analyzing and reading many books (both school texts and others) 
and also many periodicals.!!/ The material in much of this unit has come 
about as a result of this study. Particular attention has been paid 
to the concepts and skills which occurred most frequently and these in 
as far as deemed suitable have been incorporated into this unit. 
This unit also reflects to a certain degree ·what learning experi-
ence·s the -writer has discovered seemed most meaningful to his pupils 
y Billett, op. cit. 
?! Ibid, p. 153. 
y Ibid, p. 155. 
!!!' See pp. 132 - 142. 
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in the course of his science instruction over a period of years. 
From visits to industry and others places where machines are used 
extensively, and f rom everyday observations the writer has been guided 
in the selection of his material for the unit in some instances. The 
writer has had actual work experience involving in varying degrees the 
use of machines. The results of these eA~eriences are reflected somewhat 
in the preparation of the unit. 
Good teaching requires careful planning and thinking about what 
is to be taught ahead of time. This . must be done in terms of pupils' 
interest and what they feel is worth-while to them. The unit then fos-
ters good teaching for everything is carefully thought out beforehand and 
everything is recorded:ron. paper. -· 'Nhen the unit is prepared properly, 
the chances of including material of little value to the pupils are 
slight. 
The first requisite for constructing a unit is to select an area 
or concept of sufficient value to the pupils. Practically every junior-
and senior-high-science book exami-nedcy- the writer contained a section 
about machines. Since the machine effects almost every phase of our 
daily living there seems to-b'e:no question as to the value of a unit on 
machines. 
The next step was to write concisely a general statement~incor­
porating all these concepts of the unit. 
'fJ Billett, op. cit., p. 505 
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For instructional purposes, however, the general statement is 
too broad. The teacher needs more immediate goals, concepts or skills, 
to work toward during the course of instruction by the unit method. 
The more immediate goals are represented in the delimitatiori!fof the 
unit. They are concepts or skills which the teacher expects the pupils 
to acquire in varying degr-ees during the work on the unit. Althou gh · 
never seen by the pupi ls, these i t ems of delimitation are the guides 
for all activities and evaluative items in the entire unit. The items 
of the delimitation should be written down in declarative sentences 
in language understandable to the pupils. 
Since all the activities of the unit center around the items of the 
delimitation, the ~~iter spent much time in analyzing book sources, pu-
pil experiences and in thinking, in order to arrive at items which would 
have r eal value :to the pupils. 
With the general statement and delimitation of the unit completed, 
the v.Titer then proceeded to think out what possible incidental and in-
direct learning productsg;' might come about on the part of the pupils 
in the course of the unit instruction. These products are always the 
result of teaching, representing such abstract things as ideals, at-
titudes and appreciations. 
With the goals in mind the ·writer constructed the unit assignmentY 
Y Ibid., P~' S05'-.5o6. 
y Ibi~ p • .506. 
2/ Ibid, pp. 173-180, 464, .506-.509 
7 
. . l/ 2/ .!>. al 1 t d3R d 1 t. 41 which contalns lntroductoryt core, opulon re a e T an eva ua lVe-
activities as well as the reading reference list of the unit for the 
pupils. 
In unit instruction each pupil is given a mimeographed copy of 
core activities in which all are expected to take part in varying de-
grees depending upon their ability and interests. This copy of acti-
vities for individual and group work provides a large variety of 
activities which vary in the degree of difficulty. The activities are 
problematic situations and stimulate problem-solving activity not pass-
ive receptively. Each pupil may take part in the activities in any 
order that he chooses under the guidance of the teacher. The purpose 
of these activities is to provide for individual differences. 
Because pupils vary in degrees of ability and in interests, good 
instruction must provide a large list of suggested activities in which 
the pupil may participate only if he chooses to do so. Once a pupil 
starts such an activity he should not necessarily have to finish it 
if his interest wanes. To help a pupil participate in an activity 
which is likely to interest him, he should first consult with the teacher 
who knows him well enough to advise him beforehand on how successful 
and interested he might be in the activity. In this unit the activities 
!! Ibid, p. 599-6oo. 
y Ibid, pp. 507-508, 6o0-6o2. 
21 Ibid., pp. 507' 6o2. 
w Ibid, pp. SoB, 602-6o3, Chapter XX. 
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come under what is known as optional related activities. In actual 
teaching best results are obtained when each activity is put on a sep-
arate card and filed away. On the bulletin board is usually provided 
a list of these activities with code reference to the filed cards. 
Because this source unit is intended for use by any junior-htgh 
or, senior-high-school teacher, it is posible that some of the optional 
activities might be suitable for core activities or vice versa in some 
cases. The unit provides for individual differences and learning that 
is purposeful through its many activities. No one text book ~~11 serve 
as a reference. A list of references must be provided for the pupils' 
use. These references may be any type of reading material such as books, 
periodicals, pamphlets, and clippings. In this unit the v.rriter has pro-
vided a list of over lSO different references which are coded to go with 
some activity. 
In estimating the educative growth made by each pupil, a final _ 
achievement test is an important instrument. The writer has prepared an 
extensive list of object-type test items based upon the items of the 
delimitation of the unit. An answer key is also provided. In many 
cases test items have been taken directly or in a modified form from 
other sources. This has been indicated. The teacher preparing a unit 
test for his own particular age group will no doubt find many test items 
in this unit that will suit his purposes. 
A suggested list of film and film strips which should find a place 
during the instruction has been provided~ Some recordings that can be 
Y See pp. 237 -2!.~3. 
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utilized during the course of instruction may be available. Surely there 
are available almost everywhere many kinds of pictures suitable to use 
in instruction. 
The nature of this unit makes a great deal of integrating with other 
subjects possible, especially with social studies. Parts of this unit 
about power resources, evolution of machines, and social implications 
might well be handled by the social studies teacher in conjunction with 
the science teacher. All areas of instruction in the school should be 
integrated as much as possible in order to make the pupil's educational 
experiences more meaningful. The Unit Method offers more opportunity 
for this procedure than any other method of instruction in the opinion 





General Statement of the Unit 
Since all machinery from the simplest to the most complex type is I! 




wheel and axle, inclined plane, wedge, and screw--everyone, in so far 
as possible, should have a good understanding of the nature of these 
I 
I 
machine elements and the manner in which they help man to do his work. 
When men finally learned how to operate machines by mechanical 
power about 100 years ago, and discovered that there were lar ge sources 
of available power for this use, the develo~ent of machines i nto the. 
complex machinery, as we know of today, was rapid. Before that time 
only the machine elements or simple combinations of them were used to 
make men's work easier. 
Machines have influenced man's life and his manner of doing 
things from the time they were first used. Today, however, with the 
use of complex, power-driven machinery our way of living has been 
revolutionized v ith more food, goods, services and comfort being avail-
able than ever before. However, as yet no substantial effort has been 
made to find new social skills to f it our machine a ge which, in forcing 
us t o constantly change our ways of living, has created much confusion 
and insecurity. 
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Delimitation of the Unit 
A. The Nature of Machines and lJilhy They Are Used. 
1. A machine is any device or tool that we use to help us make 
our work easier. A screw driver is dif ferent from a gasoline 
engine, but both are used to help us do work, so each is called 
a machine. 
2. Machines help us to do work in three important ways: 
a. They may multiply applied force. With the proper kind of 
a jack a small boy can lift an automobile weighing 2000 
pounds. 
b. They may multiply speed and distance. A blade of an 
egg beater moves faster and farther than the hand that 
turns the beater. 
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c. They may change the direction of the applied force. The rider 
of a bicycl e pushes dawn on the pedals and the machine 
moves forward. 
3. Ymenever a machine multiplies force, there is a corresponding 
loss in distance and speed. For example, if a man can lift a 
100-pound object with a 50~pound effort, using a lever, the 
100-pound object will move only one-half as far and as fast as 
the 50-pound effort moves. 
4. Work is done only when a force, a push or a pull, moves an 
object. The amount of work done by a machine is, therefore, 
determined by how much force the machine produces and how far 
it moves an object. 
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a. Work is measured in units called foot-pounds. Thus if a 
force of ·· · 1 pound moves an object ··l :Loot, l _ i' oot-
pound of work is done . 
5. The rate at which a machine does work determines the power of 
the machine, but not the amount of work done. 
a. Tlbe common unit for measuring p ower is the horsepower which 
is defined as 550 f oot-pounds of work done in }.;_ second. 
I L ', . 
b. One hor s epower equals 746 watts (volts · times amperes.) 
6. No machine, whether hand-operated or power-operated, saves work 
because the amount of work put into a machine is always greater 
than the work output of the mac hine due to frictional losses 
in the machine. 
7. The amount of fuelp we get from a machine i s c alled i ts mechan-
ical advantage. It is a number and ca.n be found in two differ-
ent ways: 
a. The resistance-force overcome by the machine is divided 
by the effort-force applied to the machine. 
b. The distance the effort-forc e moves is divided by the 
distance the resistance-force moves. 
8. The efficiency of a machine is determined by dividing the work 
output of the 1nachine by the work put into the machine. No 
mac hine can ever be 100 per cent efficient because of fric-
tional losses within the machine while in operation. 
9. All simple machines are generally divided into six different II 
classes: (1) lever, (2) pulley, (3) wheel and axle, L ~======l 
(4) inclined plane, (5) wedge, and (6) screw. However, the pul-
ley and wheel and axle are modified forms of the lever; the 
wedge and screvr, variations of the inclined plane. 
10. The lever, the first machine to be invented by man, may or may 
not consist of one straight piece, depending upon the use for 
which it is intended. A crowbar is a straight lever, whereas 
a carpenter's claw-hammer is not. 
11. The following terms are used in connection with the lever: 
a. Fulcrum--the place on the lever where it is supported. 
b. Effort--the force applied to the lever in order for it 
to operate as a machine. 
c. Resistance--the force that the lever moves or balances 
when effort is applied. 
d. Effort arm--the distance of the effort from the fulcrum. 
e. Resistance arm--the distance of the resistance from the 
fulcrum. 
f. Torque or moment of force--the product of a force applied 
to or exerted by the lever and its distance to the fulcrum. 
12. The law of machines, which applies to all of the six machine 
elements is: The effort-force times the distance it moves 
equals the resistance-force times the distance it moves, or 
Effort x Distance = Resistance x Distance; or still more 
simply Ed = RD. 
13. Levers are divided into three classes depending upon where the 
effort and resistance are located with respect to the fulcrum. 
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a. The fulcrum, in the case of the first class lever, is located 
between the effort and resistance. This type of lever may 
help us to do work in three different ways. Refer to items 
2a, 2b, 2c. 
b. When the resistance is located between the fulcrum and the 
effort, the lever is of the second class. The primary 
value of this lever is to help us multiply the force we 
apply to the lever. Refer to item 2a. It may also be used 
as suggested in 2c. 
c. ~fuen the effort is located between the fulcrum and the 
resistance, the lever belongs to the third class. This 
type of lever multiplies speed or distance, or may be 
used to change the direction of force. Refer to items 
2b and 2c. 
14. When a lever is in a balanced position or in equilibruim, the 
law of machines is in effect. vVhen speaking of levers, we 
often call the law of machines, the law of the lever. This 
relationship is very useful in determining whtch class lever 
is best for a certain situation, and is the basis for working 
out many problems involving the use of levers. 
15. The torque or moment of forc e of a lever may be enlarged by 
increasing the effort or the effort distance, or both. When a 
mechanic wants to increase the torque on a nut which he is 
trJ~ng to loosen, he invariably uses a wrench with a longer 
handle. 
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16. The turning tendency of two equal and opposite paralled forces 
equidistant from the fulcrum of a lever is known as the 
moment of torque or couple. A doorknob being turned is an 
example of a moment of torque. 
17. wnenever a lever is in a balanced position, three or more 
parallel forces are acting upon it. (In this case the force 
at the fulcrum is taken into consideration.) Two general 
principles involving these paralled forces are: 
a. The sum of the forces pulling in one direction must equal 
the sum of the forces pulling in the opposite direction. 
b. The sum of the moments tending to rot ate the body clockwis e 
around any point whatever must equal the sum of the .momentsc; 
tending to rotate the body counterclockwise around the s ame 
point. 
18. The efficiency of a lever is generally quite high because the 
f r ictional losses in operating this kind of machine are 
usually low. 
19. The pulley was knmvn at least as early as the time of Ancient 
Greece. Archimedes, a famous Greek scientist (287-212 B.C.), 
is said to have astonished the king and his court by moving 
ships all by himself with a combination of pulleys. 
20. A pulley consists of a wheel, called a sheave, vdth a grooved 
rim, free to rotate on an axle which is suppor ted in a f ixed 
frame, or block. A flexible rope or cable passes over the 
wheel. There may be more than one sheave in a block. Pulleys 
are of two types: 
a. The fixed pulley, such as found in the window frame of a 
home, does not move. The block is fastened rigidly. The 
object to be moved or supported is fastened to one end of 
the rope while the applied force is exerted at the other 
end. The advantage of this pulley is the change in the 
direction of applied force that it makes possible. 
b. In the case of the movable pulley, one end of the rope is 
fastened to something that will not move. A force is 
applied at the other end of the rope. The object t o be 
moved or supported is fastened to the pulley block itself. 
Using this type of pulley a person can multiply any applied 
force by t wo. 
21. In practical work combinations of fixed and movable pulleys 
are used. Such combinations with their ropes are known as 
blocks and tackles or pulley systems. 
22. An easy way to find the mechanical . advantage of a pulley 
system is to count the number of ropes that actually support 
the load or resistance. If there should happen to be four 
ropes supporting the weight, the effort would be one-fourth 
that of the load, but the effort would move four times as far 
as the load. (Refer to item 3 in the delimitation.) 
23. A pulley is a modified form of a lever. The fulcrum is the 




29. The inclined-plane machines are numerous. There are three 
general classes of inclined-plane machines: the inclined 
plane itself, the wedge, and the screw. 
a. Roads, skids for loading trucks, railroads, and many 
other sloping surfaces are ordinary inclined planes. 
b. Wedges are common. Cutting tools, such as knives, saw 
teeth, chisels, needles, and the ax, are wedges. 
c. The screw is an inclined plane cut around a rod. The 
threads of a screw rise at a regular rate each time the 
thread goes once around the screw rod. The number of threads 
per inch is the pitch of the screw. The screw is one of. 
the most co~~on of all machines. It is part of lamp bulbs, 
fruit-jar covers, the food grinder, the fountain pen cap, 
all bolts, and wood and metal screws; and it is used in 
special form in propellers of all sorts. 
30. The mechanical advantage of any inclined plane equals , . 
the length of the plane divided by its height. Many inclined 
planes are used not to give mechanical advantage but to pro-
vide friction. In the case of a wood screw, the mechanical 
advantage makes it possible to get the screw in the wood in 
the first place, but thereafter the friction holds the screw 
tight. 
31. When enormous force must be exerted, such as in lifting a 
building, a screw, in the form of a jackscrew, is used. Such 
machines as a lever and pulley will not suffice because we 
19 
cannot get enough mechanical advantage. In spite of the fact 
that friction consumes a large part of the work put into a 
jackscrew, it can be seen from the mechanical advantage, ob-
tained by dividing the pitch of the screw by the circumference 
described by the end of the handle that there is a tremendous 
force exerted. Friction is not wholly a disadvantage, for 
friction keeps a screw from turning backwvard of itself. 
32. All complex machines are combinations of simple machines. 
Take for example the sewing-machine operated by a treadle. 
One applies a force to the treadle, which is a lever. A rod 
transmits the force to a crank that is part of a wheel and 
axle. By means of a belt, the large wheel drives a small wheel 
at high speed to operate the several parts of the sewing-
machine. The parts consist of many wheels and ~~es and 
levers. The needle that does the sewing is a wedge. All these 
simple machines operating together increase the speed of the 
machine and change the direction of the applied force. 
33. · To find the mechanical advantage of a c anplex.; machine one may 
. find the product of the mechanical advantages of each simple 
machine found in the complex machine. An easier way to find 
the mechanical advantage of a complicated machine is to find the 
ratio of the distance the effort moves to the distance the 
resistance or load moves in the same time. 
34. In order for driven machines to operate power must be trru1s-
ferred to them from driving machines. If these machines are 
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not far apart, the common method is to use shafting, belts, 
chains, or gears. v'Vhen the two types of machines are widely 
separated, some form of electrical transmission is used. 
35. Belts operating pulleys on shafts are used ' to transfer power 
from one machine to another, the rate of transfer being de-
pendent upon the size of the pulleys used. Friction is essen-
tial to the operation of belts. 
36. Gears are devices used to transfer power. A gear, a wheel with 
teeth cut along its edge or sides, may either turn freely on an 
axle or be rigidly fastened to it. Many kinds of gears are made 
to serve different purposes. Some of the more common ones are: 
spur, spur-~evel, spiral or helical, spiral-level, worm and 
hypoid. 'Gears in various combinations are used to either mul-
tiply force or increase speed in relation to their gear ratios. 
Gear ratio is the relation between the nQmber of teeth of the 
gears. 
37. In any machines there are always moving parts that are in 
contact with each other. These parts can never be perfectly 
smooth. The little ridges and depressions on one part move 
against uneven places in the other part and cause friction. 
a. Friction depends upon the kinds of materials rubbing 
against each other, the smoothness of the rubbing surfaces, 
the force pressuring the surfaces together, and the speed 
1tith which one object moves over another. 
b. Starting friction is greater than sliding friction. 
c. Sliding friction is greater than rolling friction. 
d. Friction between surfaces may be reduced by polishing the 
rubbing surfaces, by lubricating them; and by using special 
metal alloys, such as Babbit metal. 
38. In general, the force needed to overcome friction on a hori-
zontal surface is nearly proportional to the weight pressing 
dm~ on the surface. This force is equal to the coefficient 
of friction times the weight. 
a. Coefficient of friction is equal to the force of friction 
divided by the weight of t4e object pressing dmvn on the 
surface. 
39. Many machines and devices depend upon friction for their 
successful operation. In many cases, however, the friction in 
our machines must be controlled. 
40. Friction always changes mechanical energy into heat. This 
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energy is lost for our use by our machines. In bearings and rub-
bing surfaces of machines there should be as little friction as 
possible so our work is done with a minimum of wasted energy, 
the surfaces are kept cool, and they do not wear out rapidly. 
B. Power for Machines 
1. A steam-engine is a device by means of which the stored heat-
energy of fuel, transferred to water and steam, is transformed 
into mechanical work. 
2. The earliest knovm device operated by steam was the steam-
turbine invented by Hero. This was described in an Alexandrian 
manuscript of about 120 B.C. However, this invention was 
merely a toy. 
3. Thomas Newcomen and his partner, John Calley, patented an 
engine in 1705,which was the forerunner of the modern steam-
engine. 
4. James Watt, introducing the needed im~~vements in the Newcomen 
engine, finally produced the modern types of reciprocating 
steam engine. Since Watt, but few advances have been made in 
real invention, and the progress has been mainly one of refine-
ment and adaptation. (For a description of a reciprocating 
engine refer: Black, Newton H., and Davis, Harvey N., 
Elementary Practical Physics. New York: 
The Macmillan Company, 1943, pp. 306-308. 
Or 
Hausrath, Jr., Alfred H., and Harms, John H., 
Consumer Science. New York: 
The Macmillan Company, 1939, pp. 110-112.) 
5. The development of the steam-turbine is a rather recent 
achievement. It stems from the work of the Swedish engineer . 
DeLaval and of c. A. Parsons. 
6. The DeLaval turbine, one of the earliest forms of the modern 
turbine, has one or more nozzles through which steam under 
high pressure is admitted to strike the curved blades on the 
rim of a wheel and turn it forward. Since the speed of this 
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turbine is high, sometimes 70,000 revolutions per minute, it 
must have large reduction gears when operating a machine. 
7. The ideas of C. A. Parsons are incorporated in the present day 
commercial turbine. In this turbine the steam enters the small 
end and leaves from the large end. (For a description of this 
turbine, refer to references of item 4, Black and Davis, pages 
310-312,and Hausrath, pages 109-110.) 
8. The first experimental internal combustion engine was made by 
a Dutch astronomer, Christian Huygens, in 1680. Gun powder 
was used. 
9. The first commercially practical internal-combustion engine was 
built by a French engineer named Lenoir in 1862~and used il-
luminating gas as a fuel. Two years later a French scientest, 
Beau de Rochas, gave the principles of the four-stroke cycle, 
but Nicholas A. Otto built the first successful engine based 
on this principle in 1876. 
10. Rudolf Diesel, a German, was the first to conceive the idea of 
igniting fuel by injecting it into air which, by compression, 
had been heated to a point where the temperature would start 
combustion. This was'.YJ..892 . Since then his name has been 
identified with the combustion or constant-pressure type of 
engine, as distinguished from the Otto or explosion type. 
11. The common gasoline engine is knovm as an internal-combustion 
engine because the fuel is burned (exploded) within the cylinder 
of the engine and the resulting force pushes a piston, which 
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transmits motion through the connecting rod, to the crank 
shai't. 
a. The most commonly used type of an internal-combustion 
engine is the f our-cycle gasoline engine. The explosive 
mixture is drawn into the cylinder during the intake stroke; 
the mixture is compressed during the compression stroke; the 
mixture is ignited by the spark plug during the power stroke; 
and during the exhaust stroke the burned gas is forced out. 
Various mechanisms in the engine are provided to make this 
operation possible. 
b. The two-cycle en gine explodes once for each revolution of 
the crankshaft. There is not a separate stroke used for 
2.5 
the exhaust, but the explosive mixture rushing in under pres-
sure drives out the exploded gases. 
12. Diesel engines may be two or four-cycle engines. During the 
intake stroke air is drawn into the cylinder. This air, com-
pressed greatly on the compression stroke, becomes hot. At the 
end of the compression stroke, a single drop of oil is squirted 
into the cylinder by a fuel-injection pump. The fuel burns and 
pushes the cylinder downward. The exhaust stroke is similar to 
that of a gasoline engine. The Diesel engine has no carburetor 
and requires no spark. 
a. A.DQesel engine is simpler than a gasoline engine and is more 
efficient when made large. 
13. The Diesel engi ne is perhaps 35 per cent efficient, on t he aver-
a ge, as compared vnth 20 per cent for a gasoline engine, 8 per 
cent for a steam engine, and 30 per cent for a steam turbine. 
The turbine itself is about 90 per cent efficient, but the heat 
loss is in the boiler. 
14. Michael Faraday (1791-1867) and Joseph Hemry (1794-1878) both 
discovered that it was possible to transform mechanical energy 
into electrical energy. This discovery made possible the in-
vention of the electric motor. 
15. Electric motors produce mechanical power when the armature turns 
due to the two magnetic fields, one in the armature and one 
in the field, that attract and repel each other. The flow of 
electricity into the coils of the armature and field produces 
the magnetic fields. 
16. Coal is our country's most important source of power. 
17. More than five tons of coal are mined and used annually for 
each man, woman, and child in the United States. One of these 
tons is used for heating and cooking. The other four tons for 
the most part are used in industry or by the railroadsJboth of 
which must have tremendous amounts of power for the operation 
of many kinds of machines. 
18. The chief coal deposits of the vast extent of coal resources 
of the United States are located in three regions. First, the 
Appalachian, or eastern, fields of P~nnpYlvania, Ohio, West 
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Virginia, Kentucky, Tennessee, and Alabama; second, the central 
fields of Illinois, Indiana, J Iowa, Missouri, Oklahoma, Arkansas, 
and Texas; third, the western fields, covering vast territory 
in North Dakota, Montana, Wyoming, Utah, Col orado, and New 
Mexico. Of these the Appalachian and central coal fields are 
at the present time most valuable. These contain the better 
coal--the anthracite and the bituminous. The great western 
fields contain the poorer grades of bituminous coal and the 
lignite. 
19. North America, Europe, and Asia contain the great coal fields of 
the world. In Southern Africa, in Australia, and New Zealand 
are deposits of importance. The only mines worked on a large 
scale in South America are in Chile and Argentina. The leading 
coal-producing countries in 1936 in order of the amount of coal 
produced were United States, Germany, United Kingdom, France, 
Poland, Czechoslovakia, Japan, Russia-in-Europe, Belguim, China, 
British India, Canada, Australia, Union of South Africa, Nether-
lands, Hungary, Spain, Yugoslavia, Russia-in-Asia, and Chile. 
a. ·The world's production of coal is about 1,528,ooo,ooo tons. 
Of this the United States produces about 486,000,000 tons. 
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20. The coal reserves of the United States are 45 per cent of the 
total for the entire world, which in 1929 was estimated at 
7,863,000 million of metric tons. (A metric ton is about 2204.6 
pounds.) This leaves about 3,536,000,000 metric tons in the coal 
fields of the United States, available within 6,000 feet of the 
earth's surface. There is enough coal underground in this country 
to supply us at the present rate of consumption for about 4,000 
years to come. 
21. Modern industry is becoming increasingly more dependent on oil, 
the second great source of power in the United States. There 
are oil-burning boat s on the ocean, oil heaters in our homes, oi l 
in the form of gasoline for our motor cars. Oil-burning engines 
do our work and furnish power for machines. Oil greases the wheels 
of machines and engines and keeps them t urning smoothly. 
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22. The United States has vast resources of oil. The seven chief 
petroleum and natural-gas fields are Appalachian; Lima, Indiana; 
Illinois; mid-cont inent ; Gulf Coast; Rocky Mountain; and California. 
I n the.81 years from the beginning of the oil industry through 
1939, nearly 22,5oo,ooo,ooo barrels of oil were produced in the 
United States. 
a. The leading oil State since 1928 is Texas, which now, alone, 
accounts for 40 percent of all the Unit ed States oil pr o-
·duction. California and Oklahoma follow i n that order, these 
t op three states having between them about 75 per cent of the 
United States total. 
23. At present the United States oil production is about 6o per cent 
of the world total. The Soviet Union, with oil fields scattered 
through both its European and Asiatic territories, is second, with 
production about one-sixth of the United States, or 10 per cent of 
the world total . Venezuela, the only ot her country producing more 
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than 100,000,000 barrels of oil annually, is third. Other oil 
important producing areas outside the United States are Iran "-, 
(Persia), Netherland East Indies, Rumania, Mexico, Iraq, Colombia, 
Trinidad, Argentian, Peru, British India, Bahrein Island, Sarauak, 
and Canada. About 10 or 15 other countries have annual production 
of less than 5,ooo,ooo barrels. 
24. More oil will be found, undoubtedly for years to come. Petroleum 
technologists and geologists knmv this, even though they do not 
know exactly how much liquid crude eventually will be found. When 
the end comes, it 1JIJill come gr-adually and with many years of warn-
ing. There have been no warnings yet, and the geologists believe 
that no warnings will come for generations. , 
25. If, 50 or 150 years from now, it does become certain that the end 
of liquid crude oil is approaching, oil will be made from oil 
shales and coal. America 1 s reserves of these two source materi als 
for oil are so large that geologists estimate that they are cap-
able of supplying petroleum for thousands of years after all the 
liquid crude oil is gone. 
26. Water power has a great advantage over coal and oil. Once burned 
to make power both coal and oil are gone forever. Water, however, 
used to develop power at one point remains unchanged and as useful 
as ever at another point. 
27. Great amotmts of hydroelectric power are being produced in the 
United States. The estimates of the experts is that there is 
more than 16,000,000 horse power being generated in the great 
water-power plants of the country. This is nearly half as much 
electrical power as is produced from coal, more than all of that 
produced from petroleum, and much more than that produced from 
natural gas. Adding together the amounts of electrical power 
obtained from coal, water, petroleum, and natural gas, we have 
a total electrical-pmver development in the United States today 
of about .43,000,000 horse power. 
28. If a power station could be built a~every favorable point in 
the country, it is estimated that water power could supply an 
additional 42,000,000 horse power. But this is only about one-
tenth of the actual power now used in the United States. Water 
power cannot supply our power demands so it must serve as a sup-
plement to other forms of power. 
29. Summary of water power in the world in horEepower.'. 
Developed Potential 
North America 24,400,000 73,000,000 
South America 1,ooo,ooo 54,000,000 
Europe 24,300,000 58,000,000 
Asia 4,900,000 8o,ooo,ooo 
Africa 115,000 190,000,000 
Oceania 550,000 17,000,000 
World Total 55,ooo,ooo 472,000,000 
30. The essential parts of a modern hydraulic turbine includJ/ 
"(a) The runner; (b) the guide vanes, which are usually pivoted, 
so the openings between them can be opened or shut, thus forming 
gates; (c) the case, which supports the guides and gates, and 
1/ The Encyclopedia Americana, Americana Corporation, New York, 
!948, p. 29. 
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has bearings vv-hich support the runner. 11 Hydr~ulic turbines have 
(1) efficiency up to 90 per cent, (2) compactness, (3) high speed, 
and (4) are adaptable to speed regulations. 
31. The essential features of a modern water power development include: 
(1) A. dam, (2) head gates, (3) a conduit, (4) a wheel pit, (5) the 
turbine itself, (6) a draft tube, (7) a tail race, and ea) a speed 
governor. (For further description refer to the Encyclopedia 
Americana.)!/ 
32. The Pelton wheel is an undershot type of water wheel and less 
efficient than a turbine. It is usually used where there is a 
limited amount of water and the "head" is high. 
33. Our greatest resources of water power are located in the mountains 
of the Far West. The next larger amount is in the Appalachian 
Mountains of the East. Small amounts can be developed on the 
streams of the Central Plains. 
34. Some of our chief hydroelectric plants are located in the 
follo~ng places: 





















Name of Development River Horse Power 
Holtwood Plant 
Falls of the Ohio 
Cross River Plant 










Tallulak Falls (Ga.) 


















35. The combining of power resources to supply electricity on a large 
scale is called mass production of power. Vfhere large amounts 
of water power are available central stations are erected. In 
these plants steam power produced by coal, oil, and gas supple-
ments the power of flowing streams in generating electricity. 
Lines of copper were reaching out to all the cities, factory to>~s, 
and even farms of the section send electric power to run machines 
or to light and heat homes. 
36.· In the future scientists uvill probably be able to regulate the 
energy of an atom sufficiently so that it can be used for indus-
trial purposes. When this time canes, there will be unlimited 
power for everyone. 
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37. The energy produced when particles and rays are released during 
atomic fission is known as atomic energy. Plutonium and Uranium-
235 are the raw materials necessary for industrial atomic energy. 
38. At present plants working with atomic fission are locat ed at 
Hanford, Washington, and Oak Ridge; Tennessee. 
39. In terms of energy 1 pound of Uranium-235 woul d be equivalent 
to oil at $8.00 a barrel. As of July 1946, oil was produced 
at $1.72 a barrel. 
C. Evolution of Machines 
1. The first stone implements which men used are called "eoliths," 
which means "dawn stones. 11 They are sharp rocks which could be 
held in the hand. Whether they did any chipping to improve the 
shapes of these stones, or merely picked up rocks of desirable 
shape is not known. 
2. By 100,000 years ago, however, men had certainly begun to work 
with stones, and were chipping them into the shape of fist hat-
chets. This was the beginning of the Old Stone Age. For a long 
time men merely tried to make better fist hatchets. Then they 
learned to shape axes which should be bound on a handle. Chipped 
stone implements, such as knives, hammers, digging tools, scrapers, 
chisel, and carving tools were prevalent by the end of the old 
Stone Age (10000 B.C.). In addition bone, ivory, or horn were 
being used to make awls, needles, spear points and harpoons. In 
some localities people were using bows and arrows. During the last 
stage of these times, men learned to shape their stone by applying 
pressure to it. By this method they could remove smaller flakes 
than by striking and make their implements with more precision. 
3. In the New Stone Age (10000-5000 B.C.) implements were made, or 
finished off, by a new process of rubbing or grinding. By this 
method men could make better tools, such as chisels, wedge~, 
awls, needles, and axes. The best stone specimens were almost 
equal to the early metal tools. Among the implements of this 
period were: lance heads, arrowheads, knives, daggers, as well 
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as those already mentioned. Needle points served highly developed 
art and manufacturing. Animals drew crude plows. Flint-edged . 
sickles were used to cut grains which were ground by hand mill-
stones. 
4. During the Copper and Bronze Ages (4000-1000 B.C.) the use of 
copper and bronze made possible the inventions of hundreds of 
tools, the most important being the plow and the wheel and axle. 
The Egyptians were the first to use copper. In the course of 
time copper implements were prevalent in Asia Minor and Europe. 
Around 2000 B.C. same people north of Assyria discovered how to 
make bronze and its use gradually became widespread. The Babylon-
ians of this time were already using a two-wheeled cart made 
of bronze. 
5. Iron began to replace bronze about 1500 B.C. It was already 
known to man in prehistoric days, but it was a rarity until the 
Hittites discovered it in Northeastern Asia Minor and distribu-
ted it throughout the Near East in the· course of warfare. The 
Assyrian forces were the first lar ge armies completely equipped 
with weapons of iron. They also employed the battering-ram and 
formidable siege machinery. By 1000 B.C. iron was used in Greece. 
In time the use of iron spread through Europe. 
6. Crafts were highly developed during the Middle Ages (476-1500 
A.D.). In every important town in Europe the men of each trade 
were organized into associations known as craft guilds for the 
purpose of regulating their occupations and preserving a monopoly. 
a. The weavers seem to have been the first to organize, but 
later other craftsmen, such as goldsmiths, blacksmiths, tin-
smiths, coppersmiths; cutters, shears-makers, sword and scab-
bard makers, chain-makers, fishhook-makers, pinmakers, and 
locksmiths became organized. 
b. In large cities, like Paris and London, there were in 
the 14th century as many as 50 or more different guilds. 
c. The rules and regulations of the guilds were as follows~ 
1. No one who was not a member of a guild could practice 
his trade in his particular town. 
2. The guild required that all articles made and sold by 
its members should be of a certain quality. 
3. The hours of work were regulated. Working on holidays 
or at night was prohibited. 
4. Mutual assistance was provided for the care of the sick 




5. In order to become a member of a guild a man must pass 
through a seven-yeax period of a pprenticeship, being fed, 
clothed and lodged with a master's family. vVhen he fin~ 
ished his apprenticeship he became a journeyman and per-
fected himself by working in other shops. 
d. The guild was usually authorized by the local gover nment; 
in some cases a charter was obtained from the king. 
e. Menbers of a guild usually lived on the same street and had 
,_ .. · s i milar _ interests. 
7. Unt il about the middle of the 18th century few mechanical inven-
tions had been made. People were still using implements which 
for the most part had been in use at the time of the Pharohs. 
Suddenly, however, a series of inventions was made in England, 
beginning about 176o which completely revolutionized the existing 
met hods of industry and introduced a new industrial era. Greater 
and more far-reaching mechanical changes occurred in the next 
few decades than in all the world's history before. Machinery 
took the place of hand tools, the factory system supplanted manu-
facturing at home, and industry gradually assumed the shape fami-
liar to us. 
B. The Industrial Revolution came about first in England chiefly 
because of the invention of complex textile machinery, practical 
steam power, and new methods of smelting iron ore. John Kay in-
vented the Flying Shuttle in 1733; James Hargreaves, the Spin-
ning Jenny in 1765; James Watt, the Steam Engine in 1769; Richard 
Ark-wright, the Water Frame in 1769; and Samuel Crompton, the 
Spinning Mule in 1779. In 1853 Sir Henry Bessemer discovered a 
new method for purifying pig iron which r esulted in the produc-
tion of more and cheaper steel so necessary for the manufacture 
of machines. The effects of this revolution were apparent in 
the United States about 1830. 
37 
9. In the nineteenth century, the United States contributed mater-
ially to the Industrial Revolution v'lith a series of important 
inventions as follows: 
10. 
Inventor Date Invention 
Eli Vihitney 1793 Cotton Gin 
Robert Fulton 1807 Steamboat 
John Ericsson 1836 Screw Propeller 
Charles Goodyear 1839 Vulcanized Rubber 
Samuel F. B. Morse 1844 Telegraph 
Elias Howe 1846 Sewing Machine 
Richard Hoe 1847 Steam Cylinder Press 
Cyrus H. McCormick 1834 Reaper 
Industry has undergone a "new industrial revolution" since the 
latter part of the nineteenth century. This change has been 
featured by (1) introduction of mass production, (2) the appli-
cation of science to industry, (3) the use of new ~ources of 
motive power, and (4) high- speed transportation and communication. 
Some of the inventions of the period have been: 
Inventor 
Cyrus W. Field 
George Westinghouse 
C. L. Sholes 
Nicholas Otto 
Alexander G. Bell 
Thomas A. Edison 
Don C. Matteson 
Nickola Tesla 






















1879 Incandescent Lamp 






















I D. Influence of Machines on Our Ways of Living 
1. Practically every phase of our living has been influenced by the 
machine. More goods and services are available to more people than 
ever before. What we eat, what we wear, how we get to work, how 
we are treated when sick, and our place of sleeping are different 
39 
because of machines. Our health is better, the average life ex-
pectancy being tiJ years. We live more comfortably in winter and 
summer. Food is more abundant. We travel great distances quickly. 
We can co11l!llunicate to all parts of the world in a few minutes. 
2. As machinery of the factory becomes more fully automatic, cheaper 
and better products will be available. New machines will require 
higher skilled technicians and operators who can be paid higher 
wages for shorter working time. By regimenting machines we can 
emancipate the worker. 
3. Before the advent of the machine, mankin~ lived in established 
societies. Now we live in an adaptive societ y where applied science 
forces us constantly to change our ways of living. We no longer 
know where we belong or what is expected of us. As yet no sub-
stantial effort has been made to find new social skills to fit the 
machine age. 
4. The worker of today must be able to readily adjust himself to 
different kinds of work for when new machines eliminate jobs, in 
many cases they provide new ones. 
5. The main causes of labor trouble are: 
(l) managerial unfairness in t he handling of contr actual 
r elations, 
(2) effect s of certain types of assembly-line work, 
(3) tendency throughout industry to organize work and pay scales 
in such a way as to set individual worker a gainst his fellow 
worker or to isolate him from them, and 
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(4) the economic insecurity of the worker. 
6. Mass production causes sever disturbances on the part of the worker. 
Because he is confined to one motion, he develops a dumb resentment. 
Wnen the worker is chained to the speed of the slowest man on the 
assembly line, he becomes fatigued. Since the worker never does 
the whole job, he lacks pride and interest in the joo. 
7. vlJhen management and labor fully cooperate and find a common ground 
in pursuing high production at the lowest cost to the consumer, 
the welfare of the worker will be improved. Those willing to work 
will be able to do so whether they care to belong to a union or 
not . A worker will provide a full day's work for a full day's pay. 
Management will provide good working conditions, high salaries and 
security. It 1Nill reinvest its money in new plants and machinery 
to provide for more production and employment. 
List of Probable Indirect and Incidental Learning Products 
A. Indirect 
1. An appreciation of our dependence one upon the other. 
2. A sense of responsibilityfor working out solutions to the 
problems that have arisen due to machines. 
J. A willingness to base judgment on facts. 
4. Working for the enforcement of social controls that benefit 
most. 
5. Openmindness in regards to the value of new ideas. 
6. Accepting undesirable features of an industrial society until 
solutions to social problems can be worked out. 
7. An appreciation of the ingenuity of man in devising various 
machines to do his work. 
B. An appreciation of the benefits to society made possible by 
the use of machines. 
9. Proper recognition given to the people who discovered and 
made the simpler machines and tools of earlier times, for 
our complex machines of today are further developments of 
these. 
-10. An appreciation of the vast resources of power available in 
our nation and the world. 
11. A development of the healthy attitude that a person should do 
a day's work for a day's pay. 
12. An appreciation of the role power has played in revolu-
tionizing our way of living. 
13. A desire that wealth be not :amassed in the hands of a rel-
atively few people but rather that wealth be distributed 
among all in society in a fair and equitable manner. 
B. Incidental 
1. Due to the fact that the widespread use of machines in almost 
every phase of living is consuming vast amounts of our natural 
resources, every conceivable form of conservation of our re-
sources should be practiced in order to maintain them as long 
as possible. 
2. · Machines can be extremely devastating to the human race when 
used for weapons in war. 
3. As machines become increasingly more highly developed people 
will have more leisure time. 
4. The world can support a larger population than formerly be-
cause machines make possible the production and distribution 
of more food than ever before. 
5. Many years must pass before the complex machines are highly 
perfected t o serve a large number of people. 
6. The sooner society as a whole lives by the Golden Rule the 
more ideal will living conditions be for all. 
7. Machines have brought the world so close together that some 
form of world government is necessary. 
8. With more leisure t~ne made possible by machines people vdll 
have more time for recreation, avocational interests, and 
cultural development. 
9. Today with many scientists working in research laboratories 
supported by industry more and better things for living should 
be developed faster than formerly. 
10. Industry can no longer be carried on in homes but requires 
l arge buildings and a great deal of money for operation. 
11. Because . man has a brain9 his manner of living is on a much 
higher plane than that of animals. 
12. In spite of all the things machines do for us they are, taken as 
a whole, very wasteful of the energy used in operating them. 
The Unit Assignment 
A. Introductory Activities 
42 
43 
1. Have you ever stopped to think about what our life would be like 
without a machine, without even a tool? Our living would be very un-
comfortable and difficult indeed. It would be impossible for our town 
to exist as it is. Machines, tools,and the power to run them have made 
it possible for us to have so many things, to engage in so many ac-
t ivities and to have so many services available at our call. (At 
this point show and talk about pictures taken from magazines to 
illustr ate: 1. abundance and variety of goods, 2. activities in which 
we are able to engage and 3. services at our disposal--all because of 
power and machines.) 
There was a time long, long ago, when all man had to work with 
were a very few crude tools. (Project a book picture of a cave man on 
the screen or simply show the class a l arge picture.) Here is a fellow 
who r eally had to live by sweat and brawn and had to be tough to exist. 
How does the way in which the cave man l i ved compare with our manner of 
living? How much of our mode of living is dependent on some sort of 
machine? ( Have enough discussion here to bring out the vivid comparis ons 
in the matter of clothing, transportat i on, heating, communi cat i ons and 
voc ational and avocational activities.) There is probably no question 
in your mind as to which age of civilization you would prefer to live in. 
(Show a picture of a Greek or Roman, or project a book picture onto 
a screen.) To live in the Gr'eek or Roman Age would probably be "lik-
ened to heaven" as compared with the days of the cave man--especially 
as far as material possessions and comforts are concerned. Yet the life 
of a Greek or Roman without the machines we possess, would be incomparable 
to ours. ·what Greek or Roman was able to jump into a car, turn on the 
ignition and drive 100 miles to another town to see a discus thrower 
perform? As much as we have heard about the greatness of the Greek 
and Roman Ages, those people did not have the modern comforts and con-
veniences we have. 
We have all read at some time or another about the adventurous 
and romatic times of the days of knighthood. (Show a picture of a 
knight, or project a book picture on the screen.) Yet what great king 
of those days was able to set up ~. a thermostat in his cold banquet hall 
so that the oil burner would warm it up to a comfortable temperature? 
Even in the gay nineties machines and power had not been uti-
lized the way they are today. (Show a picture of a beau of the nine-
ties, or project a book picture on a screen.) Even though the beau was 
dressed to perfection, he had to take his lady friend to the theater in 
a horse and buggy. Today the modern beau simply asks dad for the use 
of the family car--a luxury liner with parlor chair comfort and equipped 
with a radio. 
Further comparisons are unnecessary for you must by now be convin-
ced that highly developed machines and power have provided us with con-
veniences and comforts, the like of which peoples of earlier times never 
had or even dreamed of. 
After progressing through the stages of using coal, electricity, 
and petroleum for power, we have finally learned how to utilize the 
energy of the atom to a limited degree. 
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Ol.irS is a wonder age of automatic machines and atomic power. 
However, we must not lose sight of the fact that we are the benefic-
iaries of the work of scientists and other thicl{ing men of this age and 
past ages. Each generation reaps the benefits of others, while the 
men of the present time add their bit to make the coming generation 
more wonderful than ours. As man discoveres more fully how to utilize 
atomic power and devises more ingenious machines, what future ages will 
be like is almost beyond our imaginationJ 
It is entirely possible that some of you may have misgivings in 
your mind about this wonderful age of machines and the miracles of the 
future. vVhen machines have been devised to kill men, when money-hungry 
men have used machines to exploit their fellmv men, when machines have 
thrown men out of jobs,--these thoughts may make many doubtful about 
the benefits of our wonderful machine age. Should we do away with 
machines? A machine will fulfill only the purpose to which men put 
it. There is a need for all men to learn how to live together better 
for the weliare of each other. Men have learned how to make the machines 
work for them, but in every case, not for the best interests of all • 
.All people must learn to think sincerely of the well-being of each other, 
using machines only for the good of all. 
We are about to begin the study of a unit on machines. Two basic 
questions should be kept in mind. How can we control machines to bene-
fit all of us rather than to make servants out of some? Secondly, what 
fundamental knowledge should we have about the principles of construc-
tion and operation of machines in order to understand the role of 
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machines in our daily living? 
Many of you may feel that only engineers can understand the me-
chanism of our complex, almost human, automatic machines. Fortunately 
all machines, no matter how compl~cated, are r eally various combina-
tions of only six different simple machine elements. As we work along 
together on this unit we shall gain an understanding of the principles 
of operation and construction of each of these and try to locate the 
simple machine elements in some of the more complicated machines. 
In front of the room are applications of each type of simple ma-
chine. (The teacher then points out to the class a lever, pulley sys-
tem, wheel a~d axle, inclined plane, wedge and a screw jack. The pupils 
are asked to identify each type of simple machine if possible.) 
Probably the very first machine ever devised by man was the l ever. 
(The teacher shows the class a pair of scissors, a pair of pliers, a 
nut cracker, a paper cutter, a hammer, a crowbar, etc.) Let us try 
together to note the similarity of construction of each lever and try 
to determine the advantage gained in using each. (The teacher then 
guides the discussion so that the pupils will understand the meaning 
of fulcrum, effort, effort-arm, resistance and resistance-arm, first, 
second and third class levers, mechanical advantage and how it is 
determined.) 
After we have studied each of the six different simple machines, 
we shall then consider how these simple machines developed into our 
modern, complex, power machines. Finally we shall discuss the effect 
of machines on our present day living. 
2. With the help of the pupils beforehand, and by utilizing local 
resources, the instructor can arrange to have various machines or ma-
chine elements on display in the room. Some articles that might be 
used for this purpose are the various carpenter's tools, a bicycle, a 
sewing machine, a typewriter, an automobile jack, a block and tackle, 
an automobile engine and other parts of an automobile, a screw jack, 
various implements of the home, such as an egg beater, can opener, 
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and a food grinder; and other items t hat might be available. In every 
school science department there are usu ally available ,, demonstration 
models of all the six simple machine~: elements that could be set up 
as part of the display also. This sort of display should naturally 
create a great deal of interest and curiosity on the part of all that 
see it. When the instructor is ready to introduce the unit on machines, 
he should find all the pupils eager to know "what the display is all 
about. 11 
The discussion should be guided by the instructor in such a way 
as to havw the pupils do most of the talking and discover things for 
themselves. In the course of the gen~ral discussion such questions 
as, What are the simple machines?, What are the complex machines?, 
Hmv are simple machines and complex machines related to each other?, 
How do the machines help make our work easier?, Which machines mul-
tiply force, increase speed or change direction of applied force?, 
How does each machine influence our daily living? might be answered 
along with many others that would come up spontaneously. 
With this sort of introduction well done, all pupils ought to 
be anxious to study each machine element in more detail as provided 
for in the core and optional related activities. 
3. If feasible, the instructor might have his class visit the school 
or a local shop and guide a discussion about the various machines found 
there in a manner similar to the procedure suggested in the previous 
activity. Of added interest and value to the pupils would be the op-
portunity for them to ask questions directly of the shopman present. 
After the unit on machines has been completed, the instructor could 
again have this same type of activity, this time with the arnphasis on 
finding out .what his pupils had learned. Such a procedure would pro-
vide one r ather unique and interesting way of evaluating his pupil's 
progress. 
4. The class might build a pictorial display of machines. A day or 
two before the unit is to b~ started, each pupil would be requested to 
bring in pictures of machines, implements , tools and the like, taken 
from magazines. (Be sure to imt.r.uct the pupils to remove no pictures 
from magazines unless they have permission to do so.) In the meantime, 
the instructor should have the following made ready: 
a. One large display board, or bulletin board which has the 
title, Our Machines. 
b. One large display board, or bulletin board which has the 
title, The Simple Machines and the sub-title~, Levers, 
Pulleys, )Vheels and Axles, Inclined Planes, Screws, and 
Wedges so placed that each vdll have the same amount of 
display space for pictures. 
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c. Several small pieces of white paper (about 211 by ~11 ) on 
which is printed the name of each simple machine. Enough 
more of the strips of paper should be provided so that 
many Multiplies force, Increases speed and distance, or 
Changes direction of force labels can be made. 
d. Paste, thumb tacks, pins and narrow ribbon should also be 
made available. 
Before actually having the pupils start making the display, the in-
structor might direct enough class discussion on the nature of each 
simple machine, having actual examples of each on a table in front of 
the class, in order that the pupils would be able to recognize each 
machine. The next step then would be for each pupil to look over his 
pictures to find an illustration of a lever only. Each pupil believing 
he had such a picture would show it to the class and prove to their 
satisfaction that it was a lever and nothing else. If the picture passed 
the test, the pupil then would mount it on the display board under the 
sub-title,l.ever. This procedure would continue until all the pictures 
of levers were put on display. In a similar manner, the pictures of 
each of the other simple machine elements could be mounted. In the 
course of this activity, the instructor, with leading questions at ap..:. · 
propriate times, could have the class discuss more about the nature of 
these machines, their importance to us, and how th~ are incorporated 
into complex machines. 
Thi s would lead naturally into the activity of mounting complex 
machines on the display board entitled Our Machines. Each pupil, in 
. ) _____ ..;;._ 


fascinating manner, bringing out simple and complex machines, the way 
they function, and their purposes. 
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8. The sho~dng of a film or filmstrip is an effective way to introduce 
the unit. In the Suggested List of Films there are several which could 
be used, <vith a great deal of interest being developed on the part of 
both instructor and pupils. Since the list is annotated, the instructor 
can determine for himself which film he wishes to use. By way of sug-
gestion, however, such films as the Land of Invention, Industrial Revo-
lution, Simple Machines, Years of Progress, This Changing World, or 
Lever Age might be used. 
The manner in which the film is presented will depend upon the in-
structor using it. In any case, whenever a film is used, it should al-
ways be previewed so that the instructor will know its contents and vdll 
be able to determine what he wants to put across to the pupils. 
Some suggestions as to how the film might be used are: 
a. The instructor might prepare a duplicated examination before-
hand based upon the film. After the film has been shown, the 
pupils then would take the examination. Following the exam-
ination there might be a discussion of the film based upon 
the examination questions. This procedure would aid the 
instructor in determin:i,.ilg ·how much the pupils know about 
certain phases of the unit and would serve as a starting 
point of discussion leading into the unit. 
b. The instructor might prepare beforehand a list of discussion 




B. For Individual Study and Investigation 
a. The Nature of Machines and Why They Are Used. 
1. What is a lever? How are the fulcrum, effort, and resist-
ance arranged in the three different classes of levers? How 
may -levers ·be used to gain speed? To gain force? To change 
direction? V!Jhy is the lever an important machine in our 
daily life? 
( 9: 392-394; 10: 19-27; 20: 39-43; 43t>360r-364; 
47: 64-68;· 48: 72-74; 70: 142-149; 80: 10-15; 
147: 205-207) 
2. To which of the three classes of levers do the following 
belong? Where are the fulcrum, effort and resistance lo-
cated? 
a. scissors f. wheelbarrow 
b. crowbar g. paper cutter 
c. hammer h. tinsmith's shears 
d. nail puller i. pliers 
e. bolt clipper j. beam balance 
3. In what ways can the mechanical advantage of a lever be 
found? Try them out on this simple problem. Using a crow-
bar , a boy can move a 200-pound stone by exerting a force 
of 5o pounds on the opposit e end of the croYvbar. His hands 
are 4 feet from the fulcrum and the stone is 1 foot. 1~at 
does mechanical advantage mean? 
(10:25; 47: 52~53; 140: 5; 147: 204) 
4. In order to loosen a very tight nut in an automobile engine 
· a garage mechanic sometimes puts a piece of pipe on the 
. ' 
• •. ~l. 
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11. Make a careful study of the human body to determine how many 
levers there are in it. What are the purposes of each? Tell 
the class about your study. (75: back cover) 
12. Mount pictures shm~ng various applications of the three classes 
of levers. 
13. Lever Demonstrations. 
a. Lever of the first class • 
. Dem.onstr a:.t ion¥ Balance a yardstick or a meter stick as 
shown in the diagram. Suspend a weight (resistance) 6 in-
ches from the balancing point or fulcrum. Suspend a force 
one-half the si~e of the first weight at such a distance 
that the stick balances. Move the small weight just suf-
ficiently to cause the balance to tip and raise the larger 
weight. Bring the balance to a level or horizontal po-
sition again. Place rulers directly back of the weights. 
l!Vhile the weight of 1 pound is moving up 2 inches, how far 
does the ~orce move down? Is force or speed gained? If 
the resistance is greater than the force, force is gained. 
If the resistance moves more rapidly than the force, speed 
is gained. Does the force exerted times the distance it 
moves equal the resistance times the distance it moves? 
Place a weight at one end of the stick and move the 
fulcrum near it. Push down on the other end of the stick. 
1/ Ira C. Davis, and Richard Yv. Sharpe, Science. Henry Holt and 




call Ed. Place these values in the appropriate columns in the 
chart. Find the moment of the effort by multiplying E x Ed. Do 
likewise for R, that is, R x Rd. Find their difference. Find 
the mechanical advantage by dividing R by E and also by dividing 
Ed by Rd. Carry to two decimal places and find the difference. 
Repeat the experiment once, using different weights in 
different positions. 
Second Class. Put a 200-gram weight at R (figure 2) at 15 
centimeters from the fulcrum. Hook the spring balance at E, 30 
centimeters from the fulcrum. Pull up on the balance until 
equilibrium is secured. Record E, R, Ed, Rd and make all cam-
putations just as you did with the first class lever. 
Make another trial using different weights at different 
positions. 
Third Class. Place a 100-gram weight at R (figure 3) at 40 
centimeters from the fulcrlli~. Hook spring balance 30 centimeters 
from fulcrum and pull it up until the lever is horizontal. Re-
cord all data and make all computations just as you did with the 
first class lever. 
Try once again with different weights at different positions. 








































(16: 3.5.5-3.56; 27: 280-283) 
vVhat two kinds of pulleys are used in a painter's scaffold? Find 
out many ways in which a block and tackle can be used. \¥hy is 
the differential pulley system so valuable? 
(10:37-39; 47t 77-82; 52: 139-146; 80: 18-19; 140: 26-28; 
147: 77-82) 
Vfhat is the simplest pulley system you would use to lift a .540-
pound weight by pulley with a force of 90 pounds on the rope? 
How many ropes would be actually supporting the weight? How far 
. would the weight move in relation to the distance you move the 
rope? · What are the different ways to find the mechanical advant-
age of a pulley system? 
' (9: 270-271; 10: 37-39; 26: 55-6o; 47: 77-82; 147: 207-210) 
19. In lifting a 100-pound weight from the ground by means of a single 
pulley, you use over 100 pounds of force? Explain this. 
(1.51: 68) 
20. A pulley is a circular lever. Locate the fulcrum and the points 
of . application of the effort and resistance for a single fixed 
pulley and a single movable pulley. 
21. In pulling out a stump out of the _ ground, a system of pulleys 
is used in which the movable block has three sheaves. The end 
of the rope is attached to the fixed block. A horse pulls with 
a force of 1.500 pounds. Make a diagram of the ~stem of pulleys 
and calculate the pull on the stump. 
II 
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22. Vfhen was the pulley probably first used? (16: 355) 
23. How is a differential pulley constructed? ~fuat makes it so pract-
ical for shops? How does one find its mechanical advantage? 
(52~ 109-110; 100: 120-121) 
24. Do one or two problems involving the use of a differential pulley? 
(100: 128) 
25. .!/ Pulley DemonstratJ..on. 
Tie one end of a string to a 1 or 2-pound weight. Hook the 
pulley to one of the rings on a ring stand. Place the loose end 
of the string through the pulley. Tie this end of the string to 
a spring balance. Pull down the balance. What force is required 
to lift the weight? While the weight is moving up 1 foot, how 
far does the force move down? Locate the fulcrwn, weight, and 
force. 
Repeat the demonstration by using the pulley as a movable 
pulley. 'Vhat force is needed to lift the weight? How far does 
the force move up while the weight is moving up .1 foot? Locate 
the fulcrum force, and weight. 
Set up a pulley as shown in the diagram. Hook the spring 
balance to the pulley. Pull up on the balance. What force is 
needed to lift the weight? How far does the weight move up while 
the spring balance moves 1 foot? Is force or speed gained by 
using the pulley in this way? If the weight is 10 pounds in 






I Procedure: Arrange each of the pulleys as shown in the diagrams. 
Use 1000-gram weight for the resistance R in each case. 
A. Single Fixed Pulley (Diagram 1) 
1. The force at E (the effort) to raise R slowly is 
----
grams. 
2. Lessen the effort at E until R will lower slowly. E then 
reads grams. 
-------
3. The average effort, ______________ grams, is the value of 
the effort with the friction of the pulley eliminated. 
Use this for 4. 
4. The mechanical advantage equals i = -------~= = 
or approximately 
----------- -------------
S. If R moves 10 centimeters, E moves centimeters. 
---------
B. Single Movable Pulley (Diagram 2) 
1. The weight of the single movable pulley on the beam balance 
is grams. 
----------
2. Add answer in 1 to the 1000-gram weight to get total R 
of grams . 
-----------
3. The reading of the spring balance is grams 
----"-----
for raising R; is grams for lowering R. The 
--------
average reading is _________ grams . 




S. The number of strings attached to the movable block sup-







wheels. If the lar gest wheel cannot be measured by the calipers, 
use a meter stick and two right-angled pieces of cardboard. 
Clamp the wheel and axle to the table upright. 
Wind at least one full turn of string on the axle and suspend 
a 500-gram weight f rom it. This is to be taken as the resistance 
throughout the experiment. 
Attach a str ing to the lar gest wheel and wind not less than 
two turns around it. On this tie a weight hanger to which weights 
will be added. This will be the effort. 
Since friction must be eliminated as much as possible from 
the calculations, add enough weights to the hanger just to cause 
the wheel to revolve and raise the resistance. Record this as 
effort down (E down.) Do not for get to add the wei ght of the weight 
hanger. NeJ..rt remove just enough weights so that the resis tance 
descends and the effort is raised. Record this as effort up (E' 
up). The average of the t wo efforts will give the t rue effort with 
friction eliminated. 
In the same manner, find the eff ort required to lift t he 500-
gram load when applied to the remaining wheels. 
E E t Res•sr- l>•a. 'D• "' RfE ~'%A 
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1. Which combination of wheels and axle shows the highest mechan-
ical advantage? 
2. Sometimes the force is applied to the axle rather than to the 
wheel. What is the gain in this case? 
3. From the examination of the data, what law of the wheel and 
axle can you state? 
4. Should an automobile have large-diameter brake drums? Why? 
38. Under what conditions are inclined planes, wed ges, and screws 
used? Illustrate by dra·wing the height and width of an inclined 
plane. (87: 283-285) 
39. What examples of the inclined plane are in common use in your 
household? (27: 283-285) 
40. ~fuy is a stairway a form of an inclines plane? (80:9) 
41. Explain how a wedge and a screw jack are modifications of an in-
clined plane. (80: 22-23; 116: 10-11) 
42. How do you find the mechanical advantage of a screw jack? 
(10:50; 26:67; 47:90; 140:36; 216) 
43. vVhy does an automobile road wind around a mountain instead of 
taking the shortest route to the top? If a car is to be used very 
much in a mountainous country, should its transmission gear ratio 
be higher or lower than for a car used mainly for level country 
driving? Why? (10:46:47; 47: 85-87; 140: 30-33; 147: 212-214) 
44. Is the mechanical advantage of an automobile greatest when it is 
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in high, low or intermediate gear? Why does a driver shift to 
11 low11 when going up a steep incli ne? 
45. Explain how the theory . of the inclined plane is applied to road 
building. 
46. How does fric t ion hinder t he eff iciency of the wedges, screw driver, 
ax, knife, plow, nail and the wood - splitting wedge? How does it 
help in their use? 
47. How do you find the mechanical advantage of an inclined plane? 
(10:47) 
48. In what ways are the following inclined planes useful to us: wood 
screw, wrench, bit, food grinder, vise, food compresser, ramp, 
scissors, can opener, grass shears, chisel, screw jack, and pro-
peller? 
49. Obtain an automobile jack of the screw type, and study its moving 
parts. Determine how many turns are necessary to raise an auto-
mobile one inch. 
50. Calculate how much more force would be necessary to draw a load 
of coal weighing 3000 pounds over a road having a 3 per cent grade 
than would be required to draw it if the road were level. 
51. Inclined Plane Demonstrations. 
a. Demonstration?( Does it require less work to roll an object 
up a plank than to lift the object the same distance? Get 
a smooth board 5 feet long and 1 foot wide. Place one end of 
1/ Wilbur L. Beauchamp, John C. Mayfield, and Joe Y,oung West, Everyday 







1. v1hy is more work done in pulling the weight up the incline 
than in lifting the weight vertically the height of the 
plane? 
2. What main advantage is gained by using an inclined plane? 
3. What happens to the M.A. as the angle of the inclined plane 
increases? 
4. Name five practical applications of an inclined plane. 
53. Inclined Plane Problems 
(References: 10: 46-51; 26: 64-67; 47: 85-91; 48-77; 140: 30-38; 
147: 213-219) 
a. An automobile jackscrew, having a pitch of two inches, is used 
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to lift a load of 1800 pounds. If ·the handle is tvo feet long, 
how much force must be used if the jack is 50% efficient? What 
is the mechanical advantage? 
b. A machine weighing 1500 lbs. is placed on rollers and is being 
rolled up 15 ft. high. What force is necessary to roll the 
machine neglecting friction? What is the mechanical advantage? 
c. The screw in a clamp has a 1/4 inch pitch and is turned by a 
wrench 9 inches long. If an effort of fifty pounds is exerted 
at the end of the wrench, how much force would be exerted on 
.· a ·block plac ed between the pairs of the clamp? (Neglect 
friction.) 
d. A man who can exert a push of 100 lbs. has to load a 300-pound 




61. Is the human brain a machine? (54: 24-26) 
62. How are you like a machine? ( 81: 3-J5) 
63. C-et the members of your class to bring to school many different 
kinds of simple machines . Prepare an exhibit of these machines. 
Put a label on each machine, telling its class, how it works, its 
mechanical advantage (if possible) and other important items you 
may wish to add. 
64. Make a collection of information directly or indirectly related to 
machines and power as found in a daily newspaper. 
65. Look through some popular magazine, such as, The Saturday Evening 
Post, The Readers Digest , or Life, and notice how much of it is 
devoted to machines and power. 
66. Examine a. typevvriter from beneath to see how a relatively light 
touch on the key makes a strong blow of the typebar. ~~ere is the 
fulcrum in the lever attached to the typewriter key? In the lever 
of the type bar? wnich is the force arm and the resistance arm? 
I 
Vfuat other simple machines are found in a typevvriter? 
67. Find in some book or magazine a good illustrative diagram of some 
compound machine. Study the machine carefully and then make a 
list of all the simple machines that are part of it. Try to figure 
out what advantage is gained in using each simple machine. This 
would make an interesting report to give before the class. 
(52: 147-175) 




_ _ ,...____ __ _ 
inclined plane so that a man using a 150-pound force can overcome a 
resistance of 60,000 pounds. Make a diagram and show how you work 
out the mechanical advantage of each machine. (Neglect the element 
of friction in the machines themselves.) 
(Source 5.5: 410) 
69. Visits to Shops and Factories~ 
Arrange to visit places where machines are very busy, and watch their 
operation. Typical locations are these (a) A machine shop, where 
machinery of many kinds are overhauled and repaired. (b) Flour 
mill, grist mill, canning factory, or any other establishment en-
gaged in the preparat~on of food. (c) Textile mill engaged in 
spinning, weaving, knitting, dyeing, or in any other process of 
cloth manufacture. (d) Sawmill, planing mill, or other wood-working 
shop. All important industries of the community that use machinery 
should be studied, and reports prepared as to their raw materials, 
operations, and products. 
70. 2/ Machines in the Homer 
(a) Make a thorough survey of the machines in your own home. 
Write descriptions of them, and make special reference to the 
labor they save. 
{b) Visit a hardware store, house-furnishings department, or 
other place where modern home equipment is sold. Make a report 
op new inventions for the home. 
1/ Hanor A.; ·webb, -.and Robert 0.- Beauchamp, S_eience by Observation and 
Experimemt. D. Appleton-Cen!mry Company, Inc.,) New York, 1935, p. 304. 
3/ Ibid., p. 303-304 
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(c) If any particularly new and ingenious machine for home use 
may be brought to class for demonstration, let this be done. 
(142: 302-303) 
1/ Mach±nes for Heavy and Dangerous Labore 
(a) Make a list of all the machines you have seen at work in 
your connnunity that were performing 11 hard11 labor. This will in-
elude di gging, hoisting, conveying machines and the like. Write 
a description of one of them, giving dimensions, name the class-
ification of its parts (levers, pulleys, gears, and the like), 
and the rate at which it can do its work. 
(b) Make a list of any machines you have seen .at work in your 
co~nunity that were handling hot things, sharp objects, or other-
wise performing tasks, that would be uncomfortable or dan gerous 
for men. 
(c) ~ake note of the safety devices attached to various machines, 
guards, stops and the like. Report on how they give protection. 
(142: 291-294) 
Machines on Farmsv· 
(a) Visit a store where agricultural machinery is sold or a local 
farm, and learn the uses of each important item. 
(b) If possible, watch the operation of farm machinery in actual 
service, or at an agricultural fair. Report to the class. 
Y Ibid? p. 303. 




79. In what ways do machines help man do his work? (9: 382-386; 16:351) 
80. VVhat is the definition of work? In what units is work measured? 
(lO:L~3; 27: 289-290; 48: 56-58; 97: 614-615; 151: 66-68) 
81. Demonstration. Lift a brick with a spring balance. How much work 
is done in lifting the brick 4 feet? Pull the brick along a table 
by means of a spring balance. What forc e is needed to move the 
brick? How much work i s done iri moving the brick 4 feet? 
82. Two teams were having a tu g of war. Both teams were pulling with 
all their strength. Neither team could move the other. According 
to the scientistJs meaning of "work" were the members of the teams 
doing work? Explain your answer. 
83. Does a boy work when he plays ball? Does a girl work when she 
plays tennis? 
84. List six different things a boy or girl can do which mean work. 
85. Does a seedling do work as it pushes up out of the ground? 
86. An automobile gets stuck in sand. Several men push on the auto-
mobile to get it out of the s and. At first they cannot move it. 
Are they doing work? Are > they exerting force? Are they expending 
energy? Justify your answers. Finally they succeed in moving 
the automobile. Do they do work then? Explain. (16: 346-349) 
87. wny can small forces lift large weights when a machine is used? 
88. Vfuich would do more work: a man who lifted ten 100-pound sacks 
of flour 3 feet in 5 minutes, or a man who lifted t wenty 50-
pound sacks of flour 3 feet in ten minutes? iVhy? 
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sure of your results. Weigh the cart and its load together. 
The useful work this machine can do is lifting the load to 
the top of the plane, that is, height of plane times wei ght of 
load. Your units of work here will be in gram-centimeters, not 
f oot-pounds. The tot al amount of work done is the length of the 
plane times the force used in pulling the cart up it. 
Observations: Make a record of the t Ym forces and the two dis-
tances. Wor k out the efficiency of the plane thus: 
Efficiency - ~§~~¥l~grk = Hg1&b1-!-~~igh~--~ f:Llotd.L work Length x l' orce usea 
Conclusions: What is work? How efficient is the inclined plane? 
Why was the machine used when it made more work? 
95. 1/ Measur e Your Own Horsepower~ 
Using a watch with a second hand, count the exact number of seconds 
spent by you in running up a long flight of stairs at a moderate 
speed. Measure the height of the t op step above the level of the 
bottom floor; this must be a vertical (straight up) measurement, 
not a slanting one. Multiply this hei ght in feet by your weight 
in pounds; the product is the foot-pounds of work you have done. 
Divide this by the number of seconds required to ascend the stairs; 
the quotient is foot-pounds per sero nd. Divide this by 550; t he 
answer is your horsepower. 
96. What is i:rhe meaning of the following items: work, foot-pound, 
power, horsepower, and mechanical advantage? (42:245) 






118. Give 2 reasons why it is desirable to reduce the friction in the 
use of any type of machine. (151: 68-70) 
119. Make a list of the different ways in which f:dction has been use-
ful to you within the last twent~our hours. 
120. vVhat are the laws of sliding friction? (52: 123-124) 
121. Make a list of as . many uses of friction in your home activities 
as you can. Make a second list of cases where friction is ob-
jectionable. 
122. Glass is harder than ice. wny is it hard to skate on glass and 
very easy to skate on ice? 
123. In what places in an automobile is friction necessary? vVhere 
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is it a disadvantage? In what three ways can friction be reduced? 
(7: 6-7, 15; 8: 52-64, 107, 115; 9: 4o5-4lo; 1o: 54-55; ~.7: 53-50; 
48: 62-65; 70: 120-127; 80: 32-34; 89: 27-30; 129: 4-76; 
140: 45-57) 
124. Wny are bearings of the roller-type used so widely? What are 
some of the other types of bearings used in machinery? 
(3: 3-4; 7: 107-117; 8: 140-144; 9: 405-410; 46: 3-5; 47: 56-57; 
70: 126-127) 
125. Can you push a load along when ' you cannot lift it? Does a loco-
motive or a pair of horses always have to pull on a load with 
the same force om:t all level roads? Why do carts, wheelbarrows, 
and cars have wheels? (55: 371-372) 







127. Account for the f act that railway cars sometimes get a 11 hot box. 11 
How is this checked? (151:68) 
128. How is the slipping of the wheels of a locomotive prevented? 
(151:68) 
129. A snake would have great difficulty in making its way across a 
sheet of glass . Can you explain why this is ture? 
130. Explain the riddle, 11We need it, but try hard to get rid of it. 11 
For the explanation refer to (14: 715-716) 
131. wny does bending a vnre back and forth several times caus e it to 
get hot? 
132. Make a study of various types of automobile tires to see the 
diff erent methods used in increasing the friction between the 
tires and the road surface. 
133. Vmy can one skate faster and with less effort on ice than with 
roller skates on pavement? 
134. Name at least two peculiar things that would happen if there 
were no friction. 
135. What is the purpose of a brake? Explain how it works. 
( 151: 68-70) 
136. How do you determine the coeffi cient of friction? Of what value 
is this number? (10: 61-62) 
137. Compare the coefficients of friction of wood and metal when they 
have dry and soapy surfaces. (100: 132 ) 






3. What has made Connecticut such an important manufacturing re gion? 
(35: 148-176; 39: 3-5; 86:all) 
4. How does man secure power for his machines? iVhat is the greatest 
developer of power? 
(9:486-495; 499-518; 10~ 304-322; 18: 98-+16; 21-66; 29: 28-47; 
32: 220-221; 38-377; 51: 522-557; 53: 6-11; 69: 109-124; 75:93+; 
95: 18-21, 113-119' 121-140' 142-151; 141: 50-51; 143: 22t; 
146: 18-25) 
5. ·why is it said that our country has a vast amount of energy at its 
disposal? In what parts of our country are the great sources of 
energy located? Do you think that our energy resources will ever 
become exhausted? What are your reasons? 
(9: 691-696, 705-712; 11: 487-489; 18: 103; 19: 233-264; 22:11; 
29: 128-147; 32: 220-221; 38:377; 45: 184-192; 5J:5; 63: 23-6o; 
99: 181-187; 83: 6-11, 29-30; 92: 18-22; 95: 18-21, 113-119, 
121-140, 142-151; 143:22+; 146: 18-25) 
6. The United States is today in an age of giant power. Explain why. 
(9>: 92-95) 
7. How did men make power in the days before the steam engine? 
(95: 71-81) 
B. The invention of the steam engine gave men mechanical power. How 
did this change man 1 s whole way of living? ( 95: 82-88; 96: 74-76) 
9. What is the earliest knovm device operated by steam? Was it pract-* 
ical for operating a machine? (125:544; 127:170) 
95 
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10. Who made the first practical steam engine that actually could do 
some work? (125:544) 
11. ~~o discovered the steam engine that was the forerunner of the 
modern steam engine? (125: 544-545) 
12. Why is the name of James Watt so important in cornection with the 
development of the steam engine? What were the steam engines of 
this inventor like? (125: 544-545) 
13. Vfuy is James Watt called the "Father of the Steam Engine?" (95: 85) 
14. ~~o invented the steam turbine? \Vhy did the .use of the turbine 
bring about a great change in engines used in shops and power 
stations? (95: 87~88) 
15. The development of the steam turbine has taken place, for the 
most part, since 1890. What two m.en are responsible for dis-
I· 
I 
covering the fundamentals upon which the two types of turbines 
in use today operate? (127: 170:172) 
16. The most commonly used steam engine is the reciprocating engine. 
Find out how it is constructed and how it operates. 
(lo: 306-308; 48: ll0-112) 
17. How does the De Laval steam turbine work? ·what is a disadvantage 
of this type of engine? {10~ 309-310; 48:110) 
18. Find out how t he present day c anmercial turbine is constructed and 
how it operates? To what man should cr edit be given for developing 
the fundamentals of this engine? How is the engine superior to 
I . 
the De Laval type? Vfhere are some of the places this turbine is 
!I-
used? (10: 310-312; 48:110; 127: 171-172; 132: .3-24) 
19. Vliho devised the first internal combustion engine which used gun-
powder as a fuel? How long a go was this.? (116: 225) 
20. Tlle first commercially practical :internal combustion engine was 
built in 1862. vVho made it? What fuel was used? (116:225) 
21. In 1874 the French scientist Beau de Roches gave the principle of 
the four-stroke cycle but who actually built the first engine 
based on this principle? How long ago was this engine made? 
(52: 180-181; 116:225) 
22. What advantages does a gasoline engine have over a steam engine? 
( 95: 88-89) 
23. \¥ho first conceived the idea of igniting fuel by injecting it 
into air, which, by compression, had been heated to a · point where 
the temperature would start combustion? This idea is found in what 
type of engine used today? (9J: 3-7; 116:225) 
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21+. The four-stroke engine is the form most cormnonly used in automo-
biles, airplanes, and stationary engines. How is it constructed and 
how does it operate? (10: 317-320; 48: 139-142; 52: 181-184) 
25. The two-stroke gasoline engine is the form of engine most often us ed 
on motor boats. How does such an engine operate? How does its 
operati. on differ from a four-stroke engine? vVhich is more .. effici-
ent in using fuel? (10: 316-317; 52: 184-187) 
26. Make a large diagram showing the operation of a four-stroke gaso-
line engine. (10:318) 
9 8 
27. Trace the transmission of power from an automobile engine to the 
rear wheels which cause the car to move. 
(16~595; 97:656; 142: 170, 172-173) 
expensive fuel be used in them? Do they have any disadvantages in 
comparison with t he gasoline engine? Where are Diesel engines used 
most? (10: 320-322; 48: 106, 345, 502; 52: 237-262) 
29. Compare the efficiency of operation of the steam engine, Jsterun 
turbine, gasoline engine and the Diesel engine. (10: 312-313, 322; 
100: 323 325; 1L.2: 159, 316-317) 
30. Who discoveredtre :principles upon which the electric motor works? 
When? (10:448; 14: 5$7-588; 27:226; 48:.171) 
31. How is an electric lfiOtor constructed and what makes it operate? 
How does it provide mechanical power for operating machines? 
(10: 461-L.68; 16: 390-391; 48: 178-182; 55:405; 151: 384-386) 
32. What is the efficiency of an electric motor? ( 10:467) 
33. In what ways do we depend upon coal? (99: 99-100) 
34. Show why the United States is the world 's greatest owner and miner 
of coal. How much coal does the United States produce in compari-
son to the world production? ( 95: 102-104; 109:146) 









36. Where are the great coal fields of the world located? 
(109: 146-147) I 
37. Make a map showing the coal fields of the United States. 
(95:105) 
38. Make a map sho~~ng the coal areas of the world. (95:103) 
39. How long will our coal last? vVhat is our coal reserve? 
(95: 113-118; 105:148) 
40. Make a survey of the power used in our local industries. VI/here 
is it obtained? Report your findings to the class. A chart could 
be made also. 
41. Mount pictures which show different kinds of power used for running 
machines. 
42. How can we prolong our coal supply? ( 95: 116-119) 
43. During the last war our country furnished 89% of the oil to the 
united W?r effort. Vfuat is the present condition of our oil re-
sources? vVhat other world resources are available? Should our 
country finance the development of world resources? 
(11: 487-489; 41: 9-15; 77: 2-.7; 79: 8-9, 83: 7-12, 29-30; 
92: 18-22; 95: 132-139; 121: 694-695; 135: 12-15·; 143: 22t) 
44. Make a chart to shovv the present resources of oil in various parts 
of the world. (4h 12-15; 95:19; 135: 14-15; 143:22f) 
4.5. How important to the world is Middle East Oil? (41: 9-15: 
59: 25; 135: 15) 
46. Make a map showing the location of the chief petroleum· and natu-
ral gas field in the United States. (95:128) 
47. Make a map showing what countries of the world are producing oil. 
( 95: 126) 
48. What are the three leading oil-producing states in the United 
States? How much of the country's total oil production is ob-
tained from these states? (77: 2-7; 121: 687-688) 
49. Should our present oil supply give out, scientists say there are 
many other sources from which oil can be· obtained or made. ·what 
are they? How long will they keep our oil supply going? 
(11: 487-489; 38:377; 77: 2-7; 92: 18-22; 95: 113-119) 
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50. Experts tell us that there is easily enough coal available so that 
oil could be made from it for at least one thousand years. Find 
out about three different processes to make gasoline fran coal. 
(11: 488-489) 
51. How can our oil supply be conserved? 
(25: 2-4; 83: 29-30; 95: 135-139; 121:689; 130: 6-7) 
52. How does water power compare as a source of power with coal and 
petroleum? (95: 148-150) 
53. Make a chart to show the power capacities of the largest water 
power projects in the United States. If pictures of each could 
be obtained these might be mounted with the power capacities 
printed under each. (146: 18-25) 
54. How much electric power is generated from coal, water, petroleum, 
and natural gas? Of this a~ount how much power is obtained from 
































Notice the essential processes the inodern establishment has bor-
rowed from the Stone Age. 
11. Do a series of experiments shovving the making and improvement of · 
primitive weapons. 
a. Procure a stone that will flake when it is struck with another 
stone. Work at knock off the chips to make a sharp edge. 
b. Try to chip the stone by pressure, as the Neolithic peoples 
did. 
c. Try to cut something with the edge of your stone, or with an 
Indian chipped stone tool. 
12. How did early man learn to make weapons and tools? (24a: 13-14) 
13. Read!/to find out all you can about flint -where it is found; 
how it was mined in prehistoric times; what properties made it 
so useful to prehistoric man; what it is used for today. 
(13: 9, 16, 29, 32, 33, 35, 36, 257; 112:358; 125: 679-683) 
14~ . Vfuat is the oldest implement of metal ever found? (13:31; 24a:27) 
When and where was copper probably first discovered? 
15. Was it used for tools ~~ediately? (13: 34-35) 
16. ~~ere were copper tools probably first used? (13: 67-69; 17:14) 
17. 1rvhat was the last great power of the Age of Bronze? (13:122) 
18. Vfuat were the earliest knovm wheeled vehicles! (13: 142) 
19. Vvnere was the first animal drawn plow invented? lifuy was this so 
important? (13: 55-56) 











































( 6) Sewing machine 
(7) Steam Cylinder Press 
(14: 551-552; 124: 627-629) 
(115:308; 122: 594-596) 
The "new industrial revolution11 has been featured by (1) the intra-
duction of mass production, (2) the application of science to in-
dustry, (3) the use of new sources of motive power, and (4) high-
speed transportation and communication. Find out how the following 
inventions contributed to the "new industrial revolution. 11 lifuo 
were the inventors? Vmat was the nature of the inventions? 
(l) Atlantic Cable (95: 325-329; 108: 121-125) 
(2) Air brakes (14: 666-667; 104: 277-285) 
(3) Typewriter (127: 2)8-240) 
(4) Combined Harvester and Thresher (112: 24-25; 116:285) 
(5) Induction motor (10: 494-498) 
(6) Manufacture of aluminum (67: 549-552; 104: 455-458) 
(7) Linotype (109: 443-445) 
(8) Wireless (95: 338-339, 318-319, 341-342; 126: 345-373) 
(9) Diesel engine (14: 176-177, 661-663, 381; 110: 100-102) 
(10) Airplane (95: 291-294; 104: 182, l93a, l93b) 
(ll) Vacuum tube (10: 67-673; 111: 207-207g; 126: 349-350) 
(12) Bakelite (106:467; 122:222d) 
(13) Cracked Gasoline (14:191; 12l;p90) 
(14) Telephone (10: 477-480; 95: 329-336; 126: 374-394) 
Make a chart showing briefly how nineteen United States inventions 
have changed the world. Give the date and inventor of each invention 
\i 
l 











39. Prepare a chart showing the evolution of the wheel. 
( 88: .inside cover) 
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40. Make a world map showing the location of iron ore areas. 
(95:169) 
41. Make drawings shovYing the development of the hammer from the time 
of the Stone Age to the present. (99:177) 
42. Make a map showing where United States obtains ores for making 
different kinds of steel. (95:170) 
43. Make a chart sho~dng the by-products of coal. (95:118) 
44. Make a drawing of a blast furnace. ( 95: 16o) 
45. Make an extensive display of pictures to show many different ways 
in which machines have affected our way of living. 
~.6. Mount pictures which show various ways of transferring power from 
one place to another. 
L.7. Make a picture collection of many different types of lubricants. 
48. Prepare a picture exhibit showing the evolution of the automobile, 
aeroplane, railroad or steamship. 
49. Volunteer to be a member of a bulletin board committee. See the 
teacher about your duties. 
5o. Take pictures of the various types of machines in the school shops 
and mount them as an exhibit. 
51. Take pictures of any of the exhibits set up in the class-room. 
52. Develop an exhibit of photographs illustrating one type of simple 
machine by taking pictures of various applications of that machine 


























(31) Methods Used in Mass Production. (119: 399-399d) 
(32) Mercury Vapor Engine. (107: 172; 111: 341) 
(33) New Improvements in Automobile Transmission and Gears. 
(la9.: 12-27' . 31-79) 
(34) James Watt and the Steam Engine. (95:85; 125: 544-547; 128: 
111-112~ 
(35) Fluids Used for Metal Cutting. (40: 5-61) 
(36) Different Lubricants for Different Purposes. (129: 4-76) 
(37) Liquid-Cooled Aeroplane Engines. (104: 188-189) 
(38) Air-Cooled Aeroplane Engines. (58: 1-31; 104: 188-189; 131: 
3-33; 136:. 5-37) 
(39) Perpetual Motion Machines. (119: 506; 121:- 6oL) 
(40) Solar Engines. (125: 233-234) 
(41) Fluid-Tirive in Automobiles. 
( 42). How Ball Bearings are Made. (3:3-4, 12-13; 34:. l-"8) 
(43) Jet Propulsion. (77: 24-26; 117: 46-46d) 
(44) How to Take Care of Ball Bearings. (3: 3-19; 46: 3-16; 74: 
4-15) 
(45) Automobile Clutches. (Select one or more.) 
(89: 38-45; 105:658) 
Plate ·· Clutch a. 
b. Semi-centrifugal Clutch 
c. Lubricated Plate Clutch 
Cone Clutch d. 






Vacuum Automatic Clutch 







large automobile plant, read the pamphlet, The w·orker Speaks. 
(133: 21-176) 
126. What protection is provided for the worker in the laws of the 
United States? (118: 593-597) 
127. What is the function of the Labor Department of the United States? 
(118:591) 
128. Write a history about l abor. (118: 589-590) 
129. vVho are members in the National Association of Manufac turers and 
what is the purpose of this organization? (120:725) 
130. Read the daily newspaper or a vieekly news magazine and report on 
labor legislation before Congress. 
131. Study a recent strike to find out the causes for it and how it 
was finally settled. 
132. Vvrite a poem · about the Machine Age. 
133. \:Vrite a play comparing the way we now live with the way people 
may live 200 years from now. 
134. Write a play contrasting our method of living with that of 100 
years ago. 
135. ·Make riddles about prehistoric tools, weapons , and implements 
·I and see if _your classmates can guess what you are portraying. 
136. The following topics are su ggested for debates: 
a. Resolved, That man has benefited more by the machine a ge 
than he has been harmed. 











































c. Resolved, That no more machines should be invented for 10 
years in order to reduce unemployment. 
d. Resolved, That the discovery that a log could be used as a 
wheel was a greater step toward civilization than the inven-
tion of the first gasoline engine. 
e. , Resolved, That we have made more progress in the past 100 
years than prehistoric man made in a 100,000 years. 
The following topics might serve as the basis for panel discus-
sions: 
a. The Conservation of Natural Resources Is Nedessary. 
b. Atomic Power May Be Available in the Future. 
c. Some Recent Developments in Machines. 
d. Preparation for Living in a Machine Age. 
Prepare a dramatization for an imaginary radio program in which 
you bring out the wonders of the machines of today. 
Imagine that you are a safety engineer in one of the large indus-
trial plants in this area. Prepare a safety talk to be given 
before the class about precautions to be taken in working with 
machines and power in a fac t ory. 
Imagi.ne that you are a congressman. Prepare a talk on how to 
provi de maximum employment in this country. Call for a discussion 
period by the members of the class after you have finished your 
talk. 
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Key to Directions for Unit Test Items 
A. In the blank space provided at the right of the statement write the 
letter of the word or expression which correctly com:Jletes the state-
ment. 
B. Each of the words or groups ofwards is followed by a number of 
parts that make it a complete statement. You are to place a plus 
sign (t) in the blank space opposite each part that correctly 
completes the statement, and a zero (0) opposite each part that 
does not correctly complete the statement. Mark all parts. 
c. Read the stat~~ent • . If it is true, put the letter T in the parent-
heses after it. But if the statement is not true put the letter N 
in the parentheses after it and make it true by writing· on the 
line after the parentheses the word or phrase that · should replace 
the underlined word. 
D. In the blank space provided at the right of the statement write the 
letter , the word or expression that is l:ast likely to be correct. 
E. Write on the line at the right of each statement the term which, 
when inserted in the blank, will make the statement true. 
F. Complete each sentence or question with a single word if possible. 




the figures to answer the questions which call for numbers or 
fractions. In the questions which contain words underlined, use 
I one of the words or groups of words for your answer. 
I 
Unit Test Items 
A. The Nature of Machines and Why They Are Used. 

II (Direction C) 
1~ The most com.!Jlon unit of work in the English system 
I is the foot-pound. 
I (Direction A; source lOo409) ~ Work is ( a)done whenever force is exerted upon a body; 
I
I (b)the overcoming of resistance through space; (c)the 
I amount of force used; (d)the amount of resistance 
!1 (Direction B; source 1:45) 
~According to the scientific meaning of work, 
I 
you do work whenever you push or pull something •••• 
the amount of work done depends on how fast the 
work is done • •••••• • •• 
you must use some kind of force in order to do 
work ••••••••••• 
the force must always be greater than the weight 
of the object moved •••••••••• 
(Direction B; source 1:45) 










1 ~rwo persons who weigh the same clDnb the same flight of stairs. 







by the person who clDnbs the stairs in the shortest 
time is greater •••••••••• 
by each is the same regardless of the time needed •••• 
equals the weight times the vertical hei ght of 
the stairs ••••••••• • 
equals the weight times the length of the stairs •••• 
l
i {Direction C, source 16: 71) 
I . 
~The amount of work done by a force depends upon the 
i force and the tDile. 
11 (Direction A: source 16:. 72) 












is (a)the pound, (b)the gram-centimeter, (c)the foot-
pound, (d)the horsepower, ( e.) the dyne 
(Direction A; source 16:72) 
@A force of 80 pounds raises a load of 400 pounds to a 
hei ght of 30 feet in 4 seconds. The work accomplished 
is (a)400 x 30, (b)80 x 30, (c )400, (d )400 x 30 
4 
(Direction A; sou~ce 9:8) 
~ Mechanical work done in lifting objects is measured by 
I 
multiplying the quantity of matter raised by--- --
(a)size, (b)friction, (c)inertia, (d)distance, (e)volume 
I (Direction E; source 7:100) 
I {[p A man exerts a force of 75 pounds on a car that weighs 
3500 pounds. He does not move the car. He does 
(26) foot-pounds of work. 
(Direction E; source 7:120) 
a force of 30 pounds to move a 200-pound 
the work done is (27) foot-pounds. 
source 9:8) 
@ The rate at ·which work is done by a machine is called 
(a)uniform, (b)rapid, (c)power, (d)high, (e)gradual. 
~Power is measured in (a)forces, (b )distances, (c )foot-
1 pounds, (d)distance per hour, (e)foot-pounds per 
I second. 
t§> A horsepower is the engineer 1 s unit of power and equals 
1 (a)50miles per hour, (b)550 feet a second, (c)500 pounds 
a second, (d)55o foot-pounds a minute, (e)55o foot-
pounds a second. 
(Direction A; source 10:409) 
r.5jPower is a term used to express (a)the doing of work, 
~ - (b)the overcoming of resistancelby force, (c)the rate 
I 
of doing work, (d)the total work done. 
@A 2-horsepower engine will do (32) foot-pounds of 























I (Direction C; source 8:105) 
I The mechanical advantage of any simple machine always 
l
{j) equals the distance the effort moves multiplied by the 
distance the resistance moves. ( ) 54 ____ ....; 
(Source 1:48) 
Put the letter of the correct statements in the blank.) 
{i)Yfuich of these facts do you need to know about a machine 
in order to find out its mechanical adv antage? 
A. How much work it can do. 
B. How far the force moves. 
C. HovY ef f icient the machine is. 
D. The work put into the machine. 
E. How far the weight or resistance moves. 
( Source 6:102) 
____ .55 
The word in the middle colmnn determines which word of the t wo 
given that you write in the blanks to the left and ri ght. 
-?>1 Mechanical Advantage ( M.A.) is (greater) (less) than one 
56. 56. nutcracker 
-----
57. 57. wire cutt er 
-----
58. 58. wheelbarrow 
-----
59. ___ _ 59. fishing rod 
&J. 60. movable pulley 
-----
61. 61. pencil sharpener 
-----
62. 62. screwdriver 
-----
63. 63. inclined plane 
-----
64. 64. oar of rowboat 
65. 65. vise 
-----
(Di rection E; source 7:105) 
11-





















































83. stairs . 83 
84 •. meat grinder 84 
85: scissors 85 
86. clothes wringer 86 
87. ax blade 87 
88. block and tackle 88 
89. ship propeller 89 
90 . doorknob 90 
91. wheelbarrow 91 
II (Source 1:48 ) 
1 Directions: . Write the name of the class of simple machine to which 
i (!)each of the following macrd.nes belongs. 
I .Ax blade 92 Typewriter key 98 
I Knife blade 93 Crowbar 99 
Shovel 94 Lifting jack 100 
----- ----
Shears 95 Doorknob 101 
----- ----
Stairway 96 Wincl~ass 102 
----- ----
____ 97 Window-shade roller Block and tackle 103 
----
J In the blank sp ace at the ri ght of each in Column I I write the letter 
~ of the machine in Column I of which it is an example. 
I 
I 
L. lever 104. steering wheel 104 
I I. inclined plane 105. wedge 105 
II 106. windlass 106 
I 
I 107. window pulley 107 



















I[ I lj 
IJ I, 
ii - 156 ~ 
1
1 
The useful work done by a machine is always (158) 158 I 
I than the total work put into it, because the parts of the - - ---159 I 
Jf machi ne have to be (159) There is also (160) 160 1 
11 to be overcome. Simple machines are generally (161) -----.161 11 
II efficient than complex machines. We determine the effici- 162 I 
~~ ~:~; ~ ~h:achine (i6~5vidi~~t t~~to i~:62) work it 163 
1 
li (Direction A; so~rce 1:47) 
1
'1 When a lever has a mechanical advantage of speed, the 
l~orce is moved a (a)lesser, (b)greater distance than 
II the weight. 
I
I To lift a log hig._her wit.h a lever, you wculd move the 
,@fulcrum (a)near to, (b )farther from the log. 
II 
I
I, (Direction A; source 17:9) 
6-foot bar will have a greater mechanical advantage when 
1 '1. 1 ~ sed as a (a)first, (b)second, (c)third class lever. 
I 
1
1 Source 17:10) 








pair of pliers is used to cut wire. The ·wire is placed 
in the jaws ~ inch from fulcrum. lJ'Jhat force will be appl ied 
to the wire if a force of 2 pounds is exerted on the handle 






I~ A man lifts on the handles of a wheelbarrow with a force 
of 75 pounds. The load in the wheel barrow weighs (a) 
75 pounds, (b)less than 75 pounds, ( c)more than 75 pounds. 168 
- - ---
Two boys find that they can balance each other on a teeter 
II 
board if one sits 6 feet from the fulcrum and the other 
8 feet. rrhe heavier boy weighs 150 pounds. 
1 
. a)How much does :~the lighter boy weigh? (a) 169 
I~ J'l. J -----
!r b )Vfuat is the moment of fore e of each boy? (b) 170 
II 
i 
I A crowbar 5 feet long is used to raise a machine in order 
I to place a roller under it. · The resistance offered by the 






II <8) 1S9 JI 
II 
11 A man who is said to have astonished a King in the times 
11 of Ancient Greece by moving a ship all by himself with a 
Jl combination of pulleys was (a)Aristotle, (b)Archimedes, 
1/ (c)Plato. 
11 _.lllir~ction A) :~  
II 
By using a single fixed pulley one may produce a change 
, ( a)force, (b)work, ( c )distance, ( d}direction, ( e)power. 
~ .. 1 di)irection E; source 17:10) I 20 I . 
1
1 A single movable pulley gives a mechanical advantage of 
il (198 ) 
J, 






'· With a fixed pulley the effort and resistance move in 
the same direction. ( ) 199 
-----· 
II'J (Direction C; source Sd60) 
@ 
I When the resistance is attached to a movable pulley 
, block, the effort is always(200) greater than the ( ) 200 
11[ resistance and the resistance is always moved a -----
I greater(201) distance than the effort. ( ) 201 
JJ (Direction C; source 7:42) 
I
!@ 
· ~he mechanical advantage of a single fixed. pulley 
· 1s one. ( ) 202 
(Direction A) 
I. FJ...o ~~., ~~) 
1
\. G T~e mechanical advantage of a pulley system is found by 
I
. (a)counting the number of sheaves of the pulley system, 
(b) counting all the ropes between the pulley system, (c) 
,'1 dividing the effort by the resistance, (d) counting the 
I 
number of ropes which support the resistance, (e) dividing 
!I the resistance distance by the effort distance. 
II (Direction A; source 7: 134) 
I (~ :~..~ :L:~-J 
\1 A pulley system has an efficiency of So per cent, the 
11 mechanical advantage being 4. 'rhe effort force required 
1
11 to raise a load of 100 pounds i s (a)800 pounds, (b)200 

















How far must the effort move in order to raise 
the piano 16 feet? 
The effort necessary to lift the piano is 250 
pounds. Find the efficiency of the system. 






(4, '1j e'.) ;w) ~I, ).).) 
An automobile engine that weighs 
i a bench, 2.5 feet high, by means 
11 two movable pulleys. 
750 pounds is lifted from the floor to 

















Find the work needed, ideally, to lift the engine. ____ 247 
Find the ideal mechanical advantage of the pulley 
system. 248 
-----
Find the force needed, ideally, to raise the engine. 249 
The actual force needed to raise the engine is 500 
pounds. 
(1) Find the efficiency of the pulley system. 







I (Source 7: 88) 
I c..,J ).~ ~~ ).).) 










Make a diagram that represents such an arrangement. (diagram) 252 
Using the pulley arrangement, a force of 180 
pounds is needed to l ift a weight of L~OO pounds~ 






il~s the ratio of length to height of an inclined plane 
I increases, the theoretical mechanical advantage of 
I the plane (289) • 
~ screw thread closely r esembles the simple machine 
Jj called the (290) 
~ ~ . Source 7:94) 
I t.l 3o 
II _ runway that rises 3 feet for each 7 feet of runway 
was used to load cargo on an airplane. Find the force 
I 
needed to move a 574-pound, loaded cart up the rumvay. 
glect friction.) · 
lr · 
[ rection E; source 7: 95) 
I 
A force of 50 pounds is needed to hold a 300-pound car on 
an incline that is 3 feet high and ( 292) feet long. 
' ~Direction A; source 3:58) 11 A man is able to roll a barrel, which weighs more than he 1 can lift, up a plank to a loading platform because the 
I
I plank is (a)smooth, (b)strong, (c)well-placed, (d)longer 
1 than the height of the pl atform, ( e)placed at an angle 
II v-rith the ground of not l ess than 30 degrees. 
11 (Direction A; 4:134) 
I!@ 
II The upper end of an inclined plane 6 feet long is 2 feet 
I
I above the level of the ground. If friction is neglected, 
I 
the force (in pounds) required to slitle a weight of 120 
I pounds up the plane would be (a)8o, (b)60, (c)30, (d)20, 
)! ( e)none of these values. 
I' (Direction E) ~tairs are an example of what simple machine. 
~ (Direction A; source 7:352) 










~ A machine which enables us to overcome enormous resistance 
Jl: by exerting a small force is the (a)bicycle, (b)screw jack, 
(c)egg-beater, (d)lawnmower, (e)windshield wiper. 296 
-----
1 
I (Direction C; source 16: 71) 
~A screw has a high efficiency. 
II 





I@ 167. 11 
( ) ___ 298 11 I A screw has a high mechanical advantage 
I
I A plank is to be used as an inclined plane to roll a 
~barrel from the ground onto a truck 3 feet from the 
~ground. A plank 18 feet long 'VIrill have three times 
li the mechanical advantage of one 12 feet long. ( ) ____ 299 
I
I (Direction A; source 7: 101) 
! 30 
he ideal mechanical advantage of an inclined plane 8 feet 
long and 3 feet high is (a)0.375, (b)2.67, (c)5, (d)24. 
I
/. (Source 7:118) 
l -'t ~.> I ::J., 3 o) 
11 To move a weight of 144 pounds steadily up 
/
!I long to a platform 2 feet high, a fer ce of 
I parallel to the plank is required. 
I 
I 
(a) Calculate the work input . 
(b) Calculate the work output. 
a plank 10 feet 
36 pounds 
I (c) Calculate the ideal mechanical . advantage. 
(d) Calculate the actual mechanical advantage. 











I (Direction B) 
I (Jf.;.~ /~30l 
1
1 An incli~ed plane is 16 feet long, and one end is 4 f eet above the 
II ground. To pull a box weighing 450 pounds up the incline, it is 
necessary to exert a force of 150 pounds. Therefore, 
I 
the mechanical advantage, if friction is neglected, 
is three. 
I 
the work accomplished is 1800 foot-pounds. 
the "work in" equals 6oO foot-pounds. 
the efficiency equals 70 per cent. 



















II'~ 171 111 I ~ 
I The M A of a compound machine is found by adding together 
I! the mechanical advantages of its separate parts . . ( ) ____ .....;367 
I 
il .J§ource 10:410) . 
. I {2§) 
I. Plan how you would combine a wheel 
I i nclined plane so that a man using 
resistance of 60,000 pounds . 
and BY..le, a pulley system, and an 
a 150-pound force can overcome a 
( a)Make a diagram and show how you work out the mechanical 
advantage of each machine. (Neglect the friction in 
the machines themselves.) a(diagram) 368 
( b )mechanical advantage of inclined plane. b ___ __;369 
(c)mechanical advantage of pulley system. c ___ .._..:370 
(d)mechanical advanta ge of wheel and axle. d ___ ___:3 71 
(e)total mechanical advantage. e ___ ---:3 72 
In a series of sDnple machines making up a compound machine 
the mechanical advantages are respectively 6, 2, l, 3, 4. 
I 
I 
What is the M A of the group? 
!@) .· 
II 
___ ___;;3 73 
II ~rection E) 
I ~order for driven machines to operate power must be trans-
!, ferred to them from driving machines. If these two types of 
I machines are widely separated some form of (374) 
~ ~nsmission is used. 
e ts may be used to transfer (375) from one wheel 
374 ____ __; 
It 
31/;3 
I, ~another. ---~375 
' (21/ 
i\ Three ways in which power may be transferred from one machine 
lj to another are (a) (376) ' (b) (377) ' (c) (378) ·~----~~~ 




'I @ I ~en pulleys are used to transfer power the rate of 
I transfer depends upon the size of the (379) • ___ ___;379 
~ection C) 
~ction is not essential to the operation of a belt. ( ) 380 --~ 
In order to change direction when pulleys are used to 
@'nsf er power, the belt is twisted. ( ) ____ ~3 81 
(Source 2:58) 
~ertain machine should run at 600 revolutions per minute 
(r.p.m.) and it has a 21 inch pulley. An electric motor 
is available and runs at 1800 r.p.m. How large a pulley 
should be fitted to the motor? 382 
~rection C; source 9:14 ) 
When two spur gears are i n mesh, they alv1ays turn in 
the same direction. 
The relative speeds of two wheels geared together is 
in direct proportion to the ntunber of cogs in each. 
To reduce the speed of a machine, the driven gear should 
( ) 383 
-----' 
(..) __ ~384 
have a smaller number of cogs than the driving wh~el. ( ) 385 
----~ 
To reduce the force of a wheel driven by a gear, it should 
have more cogs on its circumference than the driving 
wheel. ( ) 3 86 
----~ 
A bevel gear is like a worm gear because both always 
change the speed of the transmitted force. 
Worm gears are chiefly used to increase speed. 
A helical gear combines a wedge with a wheel. 
( ) ___ .....;387 
~ ) 388 
( ) 389 
~ection A; source 1:46) 
~small gear wheel is driven by a l~ge gear wheel, the 
(a)small, (b)lar ge wheel will make the greater number of 





'I I II 
II I 
~ 176 
1 (a)Sliding, (b)rolling friction offers the greater resistance. 426 
Sand is sometDnes put on railroad rails to (a)increase 
(b)decrease friction between vvheels and rails. 
1
1 
(Direction E; source 1:48) 
~Where there is friction between moving parts of a 
mechanical energy is changed to (428) energy-. 







l l ~olling friction is less than sliding friction for the ' same surfaces. ( ) 429 ~~31 riction is n_e_v_e_r an advantage. ( )~~~~~~~~=430 
I® (Source 16:70) 
The coefficient of friction between t wo surfaces is o. 4. 
How much force •vill it take to slide one surface over the 
other when a perpendicular pressure of 50 pounds is applied. 431 
----
~urce 4:134) 
~ch of the follovdng statements is least likely to be correct? 
(a)Friction is always desirable. 
(b) No machine can ever be 100 per cent efficient. 
(c)The efficiency of a machine is defined as the output 
over the input. 
( d)Friction is one of the factors tending to reduce the . 
efficiency of a machine. 
(e)1he efficiency of a machine is increased when the 
friction in it is decreased. 
@irection A) 
11 In general, the sliding friction between two surfaces in 
\
1 
comparison with the rolling friction is (a)much less, (b) 
j considerably greater , (c) abOl t the same, (d)as likely to 
1







Unit Test Answer Key 
A. The Nature of Machines and Why They Are Used. 
j 1. e 22. N distance 43. 0 
I 
li 
2. 0 23. c 44. 0 
3. + 24. a 45. + II 
I' 4. + 25. d 46. 0 
I 
I 5. + 26. No 47. 746 
6. t 27. 200 48. b 
7. a 28. c 49. N always 
8. N amount 29. e 5o. N more 
9. T 30. e 51. N less 
10. b 31. c 52. b 
11. c 32. 66,000 53. b 
12. T 33. N second 54. N divided 
13. b 34. c 55. B, E 
14. 0 35. 2 56. greater 56. effort 
15. 0 36. b 57. greater 57. effort 
16. + 37. 150 58. greater 58. effort 
17. 0 )8. greater 59. less 59. resistance 
18. 0 39. + 60. greater 60. effort 
19. f' 40. 0 61. greater 61. effort 
20. ~ 41. 0 62. gr eater 62. effort 




II 179 11 II 
II 64. less 61.. resistance 89. s 114. E 
I 65. greater 65. effort 90. v:r 115. R.A. 
I I 66. 6000 91. 1 116. F 
II 67. b 92. wedge 117. No answer i I 
I 68. 2),000 93. wedge 118. T II 
I 
II 69. 
62.5 94. lever 119. E. A. 
II 70. N less 95. lever 120. c 
lj 71. 50 96. inclined plane 121. fulcrum 
II II 
72. 0 97 . pulley 122. resistance 
I' 
73. + 98. lever 123. T 
I .I 74. + 97. lever 124. b I II I 
I 75. + 100. screw 125. b I 
?6. A, E 101. wheel and axle 126. a 
I 77. b 102. wheel and axle 127. e 
78. 80 per cent 103. wheel and axle 128. e I 
79. N divide 101.~. 1 129. e 
80 . c 105. I 130. N more 
81. a 106. 1 131. first 
I 82. N 80 107. 1 132. E I I 83 . I 108. I 133. second 
II 84. s w 109. liJ inclined plane 13~ .• A ' 
85. 1 110. b 19$. H I 86. w 111. N some 136. third 
\I 87. I 112 . R 137. large ,, 







II r8o 1 
il 139. distance 164. A 
I 
I 
II 140. resistance 165. B 
II 
141. effort 166. a 
i! 142. position or location 167. 16 pounds 
i 143 . 
effort ) 168. c 
) Any 
! 144. resistance )--Order 169. 125 pounds i 
II )Acceptable 
145. fulcrum ) 170. 900 foot-pounds 
146. length 171. 125 pounds 
147. effort 172. 4 
148. resistance arm 173. first 
149. effort 174. B 
ISO. resistance 175. b 
151. crowbar 176. b 
152. force 177. 15 
153. speed ) Either 178. counterclockwise )--order 
154. distance )Acceptable 179. 5 f eet from the boy 
carrying 15 pounds. 
155. high 
180. 1 foot from fulcrum on 
156. work side of 100-pound boy. 
157. force or distance 181. 9000 
158. less 182. 9000 
159. lubricated 183. 2250 
i 16o. friction 184. 750 
I 161. 185. turning I more 
.I! 162. amount 186. clockwise 
I' 






262. 25 inches 287. B 312. B 337. lever 
263. center of axle 288. b 313. inclined plane 338. lar ge or 
or axle increased 
289. increases 314. pitch 
264. 5 inches 339. effort l 
290. inclined plane 315. thread 
. t I 265. five 340. resJ.s anc ~~ 
291. 246 pounds 316. A C 
266. 20 pounds 341. equal I 
292. 18 feet 317. C B 
I 267. 400 f cot-pounds 342. couple 293. d 318. C B I 
268. 20 feet 343. lever I 
294. e 319. A C 
269. 100 per cent 344. low 
295. inclined plane 320. force 
270. input 345. T 
296. b 321. friction 
271. same 3L~6. N simple 
297. N low 322. 900 foot-pounds machines 
272. T 
298. T 323. 9 feet 347. f 
273. ten 
299. N l! 324. three 348. g 
274. c 
300. b 325. about . 55 or -~ 349. h 
275. + 301. 360 pounds 326. inclined plane 350. e 
276. + 302. 288 pounds 327. pitch 351. a 
277. 0 
303. five 328. height 352. j 
278. 48 pounds 
30~ .• four 329 . pitch 353. d 
279. t 
305. 80 per cent 330. circu.rnf er enc e 35l-~.. i 
280. 0 
306. 0 331. circumference 355. b 
281. ~ 
i 307. + 332. pitch 356. c 
I! 282. 6 
!l 
308. 0 333. diameter 357. s 
283. 0 
II 309. 0 334. pitch 358. s 
II 284. + 310. A 335. 31.416 359. c 
285. 0 
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Unit Test Items 
B. Power for Machines 
(Direction E; Source 11:11 ) 
(j) The steam engine illustrates a change of heat energy 
into (l) energy. 
~(Direction B; source 6) 
The energy which steam posses 
(j) 
is dependent upon the motion of molecules. 
depends upon the temperatu~e of the steam. 
can be used to do work. 
cannot be changed into electricity or light. 
The ener gies of steam and exploding gas 
are caused by the motion of molecules of hot gases. 
can be changed into energy of a moving object. 
are usually produced by transforming the energies 





























II II@ The lar ger a Diesel engine is the more efficient it is. ( ) ____ 225 
I (Direction B; source 6) 
I 
Gas engines 
I @]5 have been used by man for se>,-eral centuries. 
II 
1! 
are run by the energy of hot gases. 
are s :iJnpler in construction than steam engines. 
are usually lighter than steam engines of the 
same power . II II 
II (Direction F; source 13: test 57) ltt:.l\ . I~ The gasoline engine is :~, less efficient than the 
li steam engine. 
1/1 Ml. irection B; source 8) 
I ~ 1/ 
he gas engine differs from the steam engine in that 
it is more complicated than the stean1 engine. 
i t weighs more per ho~sepower than the steam 
engine. 
it does not depend upon the movement of molecules 
for its force. 
the fuel is burned inside the cylinder in the gas 
engine, ·while it is burned outside the cylinder in 
the steam engine. 
@(Direction A) 
The efficiency of most steam engines is, in per cent, 
(a)abov e 90, (b)above 40, (c)60; (d)under 25, (e) 
about 25. 
~ The most efficient engine is (a)the Diesel engine~ (b) 
the steam engine, ( c )the g asoline engine , ( d)the steam 
turbine. 
(ij} (Direction A) The average efficiency of a Diesel engine is about (a) 












































I[ (Direction A) 
1,
1@ The world coal production, in billions of tons, is about 
I (a)l~, (b)3, (c)!, (d)20. 266 
The United States produces about (a)l/3, (b)l/2, (c)3/4, 
(d)7/8 of the world's coal. 267 
-----
Coal fields are found in the follo¥dng pl aces . Check the 
tP~ee that have the greatest f i elds . 
North America 268 





Some of the leading coal producing countries of the world in 1936 
were (a)Germany, (b)United Kingdom, (c)France, (d)United States, 
and ( e )Poland. 
List in order the three highest producers starting from 
the highest. 274 
(Direction A) 
!l'ih' ~ It has been calculated that the Uni ted States has coal enough 
for (a)lOO years, (b)SOO years, (c)lOOO years, (d)4000 





The coal reserves of the United States are, in per cent, 








I I @ Direction F) 
I -What country ranks 
! What country ranks 
second in oil production in the world"? _____ 285 
286 
-----
first in oil production in the world? 
I 
I 
I (Direction C) 
I 
@ Petroleum experts predict that the petroleum supply will 
not last very many years more. --r-) 287 I@ If the oil supply should give out there are no other -----
sources from which oil can be made. ( ) 288 
(Direction A) 
Oil made from oil shales and coal will supply us with oil 
for (a)So years, (b)hundreds of years, (c)thousands of 
years, ( d)a million years aft er the liquid crude oil 
is gone. 
(Direction C) 
Our res erves of coal and oil shales are limited. 
1
1 
/; (Dir ection A; source 1: 77) 
l l /~~a,., ~..~;a.~) 
II Vve must conserve our nation 1 s coal and oil because our 
li coal and oil sup plies are inexhaustible. 
I' We get over 90 per cent of the ener gy to run our 
machines in these fuels . 
We have no right to waste materials that future 
generations will need. 
1 (Direction A; source 1:77) 
I
' ~~'-1> ,$') I Science can help us conserve our coal and 
I
I developing processes for making more 
I 
telling us how much longer they will 
I 
oil by 




inventing machines that will use more of the 
energy of these fuels. 
making people use coal economically. 




















~ irection E; source 1:79) 
~ne way of saving coal is to make (299) from it. 
I (Direction A) I@ i \Vhich substance used to develop power remains unchanged 
and as useful as ever at another place? (a)coal, (b) 
petroleum, (c)natural gas, (d)water. 
(Direction A; source 13: test 59) 10 
l l:::::J,) The available water pOYver in the United States is suf-
· ficient to give each person about (a)-!, (b)3, (c)S, 




At the present time the percent of electric power 
obtained f rom water is (a)lO per cent, (b)30 per cent, 
(c)6o per cent, (d) 90 per cent. 







302 ____ _; 
II 
I 
'rhe amount of electric power produced from water is 
about one-fourth that obtained from coal. ( ) ___ __;303 
I (Direction A) 
I It is estimated that the numb er of horsepower being generated in the great water --power plants of the 
I 
country is (a)So,ooo,ooo, (b)lS,ooo,ooo, (c)7S,ooo,ooo 
I (d)2S,ooo,ooo . II 
II (Direction F; source lJ,test 59) 
1
1




to supply all our needs. 
(Direction A) 
If all the available sources of water pov;er were used 
they could provide about (a)l/2, (b)3/L~, (c)l/10, 
(d)l/8 of ·all the power needed in the United States. 









If the United States would make more use of available water power. 
we would have a cheaper source of power for our 












our national fuel resources would be conserved. 
our machines could be operated at a higher speed. 
about So,ooo,ooo horsepower could be developed. 
(Direction B: source 4) 
~Vater power 
i ~ (a) may be used 
II 
'® 
to c onserve fuel. 
(b) is measured in foot-pounds . 
(c) has now been developed in our country to 
nearly the greatest possible extent. 
I ~ ( d) is usually utilized to generate electricity. 
II t..:::..!/ . 
1 (Tiirection A) 
I 
~For the world about (a)l/2, (b)3/4, (c)l/8, (d)l/4, 
1\!':2.J of the potential water power has been developed. 
I 
I 
In the follo~~ng list check the three continents which 




























Which three continents have developed vwater power resources 


















-----327 I Oceania 





@ are ~achines of the wheel-and-axle type. 
11 
~ of the early undershot type are the l east 
efficient of the more common types. 
called turbines are used to run dynamos. 
can be used to transmit the ener gy of running 






_ _ _ __..330 
331 ----~ 
The most important part of a water turbine is the 
runner. ( ) ___ __;332 
A water wheel always turns in the same dir ection. ( ) ___ _..;333 
Directions: In the blanks to the right of Column II place 
the letter of the work in Column I that is most closely 










divided into various compartments 
into, or through which the water 
flows. 
c omp art men ts. 
partition walls between adjacent 
buckets. 
compartments throu gh which water 
flows into buckets. 
___ _..;334 
335 















~~  (Direction A) 
I~ 
212 
Our greatest resources of water power are loc ated in the 
I 
(a)mountains of the :Far ~Yest, (b)Appalachian M:ountains, 
(c)streams of the central plains. 355 ___ __..; 
I
. Select from the following list of hydroelectric developments the I'® three t hat develop the most horsepow·er: 
I (a) Niagara Falls (e) Pitt River 
' (b) Hoover Dam (f) Muscle Shoals 









(d) Tennessee Valley Authority 356 ----~ 
Directions: In the blanks to the ri ght of Column II place the 
letter of the vwrd in ColU11m I that is closely related to the 
word or groups of words in Column II. 
Column I Column II 
River Name of pmver plant 
--
A. Tennessee Grand Coulee 357 
-----
B. Colorado Keokuk ___ __;358 
c. Columbia· Bonneville ---~359 
D. Susquehanna Hoover Dam 3CO 
-----





The combining of power resources to supply electricity on 
a lar ge scale is called the (363) production of pow·er. 363 
In the future scientists may be able to regulate the 
energy of the atom sufficient so t hat it can be used for 
----
(364) purposes. _ _ _ _....;364 
(365) and Draniu.m-235 are the raw materials necessary 











so. t 75. N small 125. raises 
100. 0 
51. 0 76. A 126. c 
101. 0 
52 . t 77. G 127. c 
102. + 53. ~ 78. steam 128. a, h ! 
103. + ) )_! .• t 79. expansion 129. rY 0 
104. t 55. t 80 . T 130. d 
105. c 
56. 0 81. can 131. f 
106. e 
57. t 82 . Hlt,ygens 132. b 
107. d 
58. f l 83. c 133. h 
108. a 
59. 6 84. gunpowder 13h. reduced 
109. e pressure &J. + 85. d 
110. f 13.5. exhaust 
61. + 86. I 19th 
II 111. c 136. closed 
62 . + 87 . c ! 112. e 137. closed I I 63. 0 88. N did not invent 
I 113. e 138 . 2 
I 6!-t.. + 89. d 
114. b 139. air 
6.5. 0 90 . a 
115. h 140. compressed 
66. + 91. constant pressure 
116. e 141. more 
67. + 92. internal 
117. e 142. piston 
68. c 93. b and c 
118. f 143. 4 69. N ships 94. a and d 
I 119. d l4h. valves 
I ! 70. c 95 . A,C,E,B,TI 
II 
120. e 145. spark 
I 
71. blade 96. exhaust plug 
121. a 
I 'I 72 . D 97 . exhaust valve 1L~6. air or I 
II 
I 122. b or.rgen 73. DeL a val 98. carburetor 






I 148. decreased 172. + 





flywheel 174. 0 


















































































209. t 233. 0 
210. N compression 234. t 
211.. 0 235. d 
212. 0 236. a or d 
213, 0 237. a 









240. N Faraday 













245. 0 269. no answer 292. + 317. no answer 
246. t 270. 293. J. 318. 
I 
no answer no answer I e· 
I 
I 
247. t 271. no answer 294. 0 319. check mark 
248. 0 272. check mark 295. + 320. check mark 
249. e 273. check mark 296. + 321. no answer 
I 
250. d 274. D-A-B or 297. + 322. check mark l 
United States, 
251. b Germany, 298. + 323. no answer 
United Kingdom 
252. c 299. oil 324. check mark 
275. d (or coke) 
253. a 325. check mark 
276. d 390· a 
254. c 326. no answer 
277. d 301. a 
255. c 327. no answer 
278. a 302. b 
256. railroads 328. t 
279. d 303. Nt 
257. d 329. + 
280. 1 and 5 304. b 
258. b 330. + 
281. d 305. is not 
259. N eastern 331. + 
282 •. c 306. c 
26o. N eastern, 332. T 
central, and 283. d 307. t 
western 333. T 
284. c,d,e 308. + 3~4· c 
261. eastern (any order) 3.35: 309. 0 E 
262. eastern 285. Soviet Empire 336. B 
310. t 
263. central 286. United States 337. A 
311. + 
264. western 287. (n) will 338. D 
312. 0 
265. central 288. N other 339. G 
313. 0 
266. a 289. c 340. N are 
314. + 
267. a 290. N extensive 341. T 
315. c 
268. check mark 291. 0 342. N 















I' (f) The Besseaer process is used in making (a)butter, (b)plastics, (c)rubber, (d)steel. I ___ 63 1 
(Direction A; source 3:100) 
~; . The process of making a cheaper and better grade 
of steel was discovered by ( a)Watt, (b)Carnegie, 
(c)Stephenson, (d)Bessemer. 
(Source 4: 54) 
____ 64 
If the Statement is true, v~~rite plus (+h otherwise use zero (0). 
Cartwri ght 1 s loom was operated at first by water power. ____ 65 
An operator of John Kay's 11 flying shuttle11 pulled a cord 
to jerk the shuttl·e back and forth. 
James Har g-reave's spinning jenny had a frame with eight 
s oindles and could spin eight threads at a time. 






Directions: In the blank to the ri ght of Column II VITite the 
letter appearing in Column I that is mos t closely related to 
the gr oups of words in Column II. (There is no answer for one 
blank.) 
A. John Kay 
B. James Watt 
c. Richard Avvright 
D. Samuel Crompton 
E. Henry Bessemer 
F. James Har greaves 
Discovered a method for 
m~king better steel. 
Invented the turbine. 
Improved upon the steam 
en gine. 
Invented the flyin g shuttle. 
Invented the spinning jenny. 
Invented the spinning mule. 











At the blank at the right of Column I! write the letter appearing 










(f) Column I 
A Flying Shuttle 
B Spinning Jenny 
c · Spinning Mule 
D Water Frame 
Column II 
A device that could spin eight 
to eleven threads at one time. 
A device whereby spim1ing 
could be done by water power. 
A device that could turn 20 to 
30 spindles at one time. 
A device that could be jerked 
back and forth more quickly and 







Match the inventor with the invention by placing the letter of 
the inventor in the blank to the right of the invention. (There 
are one too many inventors listed.) 
Inventor 
A Eli Whitney 
B Robert Fulton 
C John Ericsson 
D Charles Goodyear 
E Samuel F. B. 1viorse 
F Elias Howe 
G Richard Hoe 
H .Cyrus H. McCormack 
Invention 
Steam Cylinder Press (1847) 
Se·w:Lng Machine ( 1846) 
Telegraph ( 1844) 
Screw Propeller (1836) 
Reaper (1834) 
Vulcanized Rubber (1839) 
Cotton Gin (1793) 













Match the inventor with the invention by v~iting the letter of 
the inventor in the blank at the ri ght of the invention. (Some 
inventors may have more than one invention.) 
@ : Inventor · · I · t· · ' · .. :-.· ·· . nven :ton. ,. ·;,: 
" 
A Cyrus Vv •. Field Combined Harvester and 
Thresher (1888) 88 
B George Westinghouse Movie Projector (1893) 89 
c c. L. Sholes Diesel Engine (lSOO) 90 
225 
II 
D Nicholas Otto Atlantic Cable (1866) 
E Alexamder G. Bell Cracked Gasol ine (1913) 
F Thomas A. Edison Linotype (1890) 
G Don c. Matteson Air Brakes (1868) 
H Nickola Tesla Vacuum Tube (1908) 
J Charles M. Hall Bakelite (1909) 
K Guglielmo M:arconi Aeroplane (1903) 
1 Rudolf Diesel Wireless (1896) 
M Wright Brothers Manufacture of Aluminum 
(1889) 
N Lee DeForest 
Induction Motor (1888) 
0 Leo Baekeland 
Telephone (1875) 
:fl . W.Iiff. Burton 
Typewriter (1868) 
Q Ottmar Mergenthaler 
P:)wnograph (1878) 
Gasoline Engine (187.5) 
Incandesc ent Lamp (1879) 
1'7':;'\(Direction A; source 2:lh0) 
~ In general, the order that indicates the steps in the 
· development of indust;ry is (a) guild system, factory 
system, domestic system; ( b)factory system, guild 
system, domestic system; (c) domestic system, guild 
system, factory system; (d) guild system, domestic system, 
factory system. 




















·" The Industrial Revolution (a)made the vv- orker dependent 
on the capitalist, (b)made the worker more independent, 
(c)lessened the gap between r ich and poor, (d)reduced 
the amount of industrial strife. ____ 107 
(Direction A; source 2: lL~O 
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20. b 45. ..1. 70. No answer 95 • N I 
21.-22. plow, wheel (and axle) 46. 0 71. B 96. 0 
23. c 47. 0 72. A 97. Ivi 
24. two-wheeled carts of bronze . 48. + 73. F 98. K 
25. copper pin 49. t 74. D 99. J 
26. (Pen insula of) Sinai 5o. 0 75. c 100. H 
27. T 51. 0 76. B 101. E 
28. d 52. 0 77. D 102. c 
29. more 53. T 78. c 103. F 
30. tin 54. b 79. A 104. D 
31. copper ax 55. b 80. G 105. F 
32. one these--metalsmiths, 56. c 81. F 106. c 
agriculture, carpenters, 
cabinetmakers, shipbuilders 57. a 82. E 107. A 
33. b 58. b 83. c 108. B . 
34. a 59. c 84. H 109. + 
35. T 6o. d 85. D 110. 0 
36. T 61. c 86. A 111. D 
37. c 62. d 87. B 112. 0 
38. d 63. d 88. G 113. t 
39. c 64. d 89. F 114. 0 




41. c t 91. A 116. f 
42. 67. + 92. 
I 
c p 117. United 
States 
43. weaver 68. t 93. Q I 
,I 










@ (Direction C) 
Mass production methods create incentive to work on 
the part of workers. ( ) ____ .52 
Mass production methods have created more economic 
security for the workers. ( ) 53 
-----· 
Mass production makes possible the interchanging of 
parts in our appliances, implements, and machines. ( ) 54 
-----· 
Our present mass production methods tend to regiment 
men to machines. ( ) 55 
-----· 
Industries using mass production methods in most cases 
pass on the benefits to the ·worJ.::ers and consumers. ( ) 56 
-----· 
(Direction B) 
@ Mass production methods--
cause a dumb resentment on the part of the worker 
because he is confined to one motion when doing 
his work. 
make it possible for one worker to accomplish 
more than another. 
cause the worker to become fatigued because his 
rate of work depends upon the slowest worker in 
the assembly line. 
makes i,t possible for one person to complGte a 
-;,-.;hole job. 
create a great deal of enthusiasm for work on the 
part of the 'Harkers. 





involve the s.rnchronization of the flow of materials 
in an assembly line vvith human operation. 
provide one small job - always the same - for the 













Answer Key for Unit Test Items 
D. Influence of Machines on Our Ways of Living 
l. A 23. A 45. + 68. + 
2. more 24. A 46. N 69. + 
3. les s 25. A 4'7. + 70. 0 
4. have (rhe following answers 48. + 71. + 
indicate the probable 
5. D correct reasoning.) 49. t 72. t 
26. no answer 
6. will 5o. 0 73. 0 
27. v 
7. more 51. D 74. + 28. no answer 
8. D 52. N do not create 
29. v 
9. t 53. N less 75. 0 
30. v 
10. + 54. T 76. + 31. v 
11. + 55. T 77. t 32. no answer 
12. ..1. 56. N in a few cases I 
33. v 
13. 0 57. + 78. t 
34. v 
14. t 58. 0 '( 9. 0 
35. no ansvver 
15. D ~ 59. + so. t 
36. v 
16. 0 6o. -+ 
37. N many 
17. D 61. 0 
38. should not 
(The following answers 62. + 
indicate the probable 39. B 
correct attitudes.) 63. + 
18. D 40. T 
64. N no 
19. ? or D 41. less 
65. 0 
I 
20. A 42. N minor · 
66. 0 
II 
21. A 43~ ... , 
67. + 





Reference Source of Unit Test Items 
for 
D. Influence of Machines on Our Ways of Living 
o·gburn, lJ'filliam F., and w·eaver, Robert B., Man and His Machines. 
Problems in American Life: Unit No. 3. National Association 
of Secondary-School Principals, National Council for the 

















SUGGESTIONS FOR TEACHERS 
Further Aids for Teaching 
v 
Nature of Aids.--As a help to the teacher there are included here 
an annotated list of suggested films and film strips, a list of sources 
where free material may be obtained, and a list of periodicals in 
which articles pertinent to this unit appear from time to time. 
Suggested List of Films 
1. American Automobile Association 
Traffic Engineering and Safety Department 
Pennsylvania Avem1e at 17th Street 
Washington 6, D.C. 
a. Stop Th3.t Car. The s· r ucture of automobile brakes and 
how they operate under varying conditions is explained. 
(Running t ime 10 minu~es.) 
2. American Museum of Natural History 
79th and Central Park W. 
New York City 
a. This Moving World. History of transportation from the 
discovery of the wheel to modern trains, automobiles and 
aeroplanes. (Two reels.) 
3. Audio-Visual Aids Center 
University of Connecticut 
Storrs, Connecticut 
a. Atomic Power. This film traces early beginnings of atomic 
power up to the time the bomb was used. It explains the 
nature of atomic energy and the scientists 1 campaign to tell 
the world the full meaning of atomic power. 











4. Brandon Films, Incorporated 
16JO Broadway 
New York 19, New York 
a. Men and Dust •. Health problems in industry; lead and zinc 
miners in Miss ouri and Kansas. (One reel.) 
5. British Information Service 
British Consulate General 
10 Post Office Square 
Boston 9, Mass. 
Pix Film Service 
34 East Putnam Ave. 
Greenwich, Conn. 
a. Land of Invention. A tour of Scotland to the birt hpl aces 
of some of its great inventors. The inventions are ex-
plained and traced throu gh to their present-day developrne!J.t. 
(Running time 12 minutes.) 
b. Transfer of ? ower. · History and function of the gear wheel; 
principle of leverage and need for gears to change the 
direction of power generated. ( Tvvo reels. ) 
6. Bureau of Mines Experiment Station 
1~. Louis F. Perry, Supervising Engineer 
4800 Forbes Street 
Pittsbur g 13, Pa. 
a. Alloy Steels: A Story of Their Development. 
which have contributed to the developments: 
and the industrial process. (~vo reels.) 
Men and methods 
new materials 
b . Lubrication. The theory of friction and the practical 
application of l ubricants are described in this film as well 
as useful friction, solid friction and rolling friction. 
(Three reels.) 
c. Making a v.,...Type Engine. Production technique; examples of 
iron and steel manufacturing carried through to the finish ed 
product. (Two reels.) 
d. Power Within. A story of t he inter nal combustion engine. 
(Two reels.) 
7. Castle Films, 
Division of United vlforld Films, Incorporated 
30 Rockefeller Plaza 
New York 20, New York 
a. The Turning Point. The stor y of friction and the importance 
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11. General Electric Company 
Visual Education Section 
140 Federal Street 
Boston 1, Massachusetts 
570 Lexington Avenue 
New York 22, New York 
a. Excursions in Science. Applications of science to life 
by showing uses made of technical scientific appliances 
and inventions. (Series of eight films, each about l :J 
minutes running time.) 
12. General Motors Corporation 
Broadway at 57th Street 
Nevv York 19, New York 
a. American Jvliracle. Typical job set up and then operation 
on "balanced" mass production basis. (Two reels.) 
b. Diesel--The Modern Power. This film shows the details of 
the construction and operation of the Diesel engine, which 
drives the wheels of many industrial plants, propels river 
craft and ocean-going vessels and provides power for 
streamlined trains. (Running time 19 minutes.) 
c. Quality in the Making. Manufacturing and testing of ball-
bearings. (Running time 23 minutes. ) 
13. Ideal Pictures Corporation 
Bertram Willoughby Pictures, Incorporated 
600-1600 BroadvYay 
New York 19, New York 
a. Simple Machines. Shows the basic features of simple 
and how they are applied to modern complex machines. 
drawings clarify abstract mechanical principles. 
(Running time 10 minutes.) 
14. Minneapolis-Moline Power Implement Company 
Advertising Department 
Minneapolis, Minnesota 
a. Power on Parade. Power in industry. (Two reels.) 
15. Modern Talking Picture Service 
9 Rockefeller Plaza 
New York. 20, New York 
machines 
Animated 
a . Years of Progreqs. The s tory of gT eat scientists of past 
centuries, whose efforts laid the foundation for modern 
engineering and whose discoveries made possible so ''1ffily 
advantages of modern living. (Running time 32 minutes.) 
16. National . .Association of Manufacturers 
National Industrial Informat i on Committee 
14 W. 49th Street 
l'Je-vv York 20, New York 
a. America Marching On: Frontiers of the F'uture; Men and 
Machines; Let 1 s Go America. Probl ems from the industrialist's 
vie¥~oint; description of America 's industrial development 
from colonial days to the present . America--Yesterday, 
Today, and Tomorrow. How primitive h and labor has changed 
into machine industr y of today. ( One reel. ) 
b . Men and Machines. Discusses probl em of whether machines 
have caus ed unemployment. (One reel. ) 
17. New York Universit y FiJ.Jn Library 
71 Washington Square 
New York 12, New York 
a. 1\[achine: Master or Slave? Probl a'lls in approach to human 
and financial factors in technological pro gress. (Two reels.) 
b. Valley Town. Workers displaced by automatic machinery; plight 
of American steel workers; problems faced by'nanagement. 
(Two r eels. ) 
1 8. Nunn-Bush Shoe Company 
Milwaukee, Wi s consin 
a . Fifty-Two Pay Checks Each Year. One plan of employment 
stabilization; collective bargaining. (One reel.) 
19. Douglas D. Rothacker 
729 Seventh Avenue 
New· York 19, New York 
a . This Changing World. Primitive methods of l i ving compared 
with present-day standards. (One reel.) 
20 . Scientific &nerican Magazine 
2Lf West 40th Street 
New York 18, New York 
a . Close- Uns of Science and Industry. Achievements of science 
and industry in developing fuels and products; economics 
of production, f l ow of goods and rel ated topics. (Two 
reels.) 
/' ! 
II ,, 
242. 




